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PREFACE  TO  SECOND  EDITION. 


The  call  for  a  new  issue  of  this  work  within  little  more 
than  six  months  after  the  appearance  of  the  last,  is  a 
very  gratifying  proof  that,  in  spite  of  its  defects,  the 
work  supplies  a  recognised  want,  and  that  the  Author 
has  to  some  extent  succeeded  in  the  objects  aimed  at 

With  regai'd  to  the  present  edition,  the  Author  need 
only  say  that  the  entire  work  has  been  carefully  revised, 
and  all  the  more  striking  discoveries  of  recent  date  have 
been  noticed,  whilst  some  errors  have  been  corrected. 
Considerable  additions  have  also  been  made,  especially 
in  the  department  of  Vertebrate  Zoology.  The  Author, 
however,  would  ask  his  readers  to  remember  that  the 
compass  of  the  work  will  not  admit  of  the  introduction 
of  many  details,  which  must  be  sought  for  in  other  more 
extensive  treatises,  and  that  only  the  more  important 
facts  of  Natural  History  should  be  looked  for  in  a  work 
of  such  limited  size. 

Lastly,  no  change  has  been  made  in  the  plan  of  classi- 
fication adopted  in  the  former  editions  of  this  work,  and 
based  essentially  upon  the  views  put  forth  by  Professor 
Huxley.     It  is  true  that  this  classification  is  a  modem 
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one,  and  that  it  departs  widely  froni  older  arrangements. 
The  Author,  however,  must  seek  his  excuse  for  its  adop- 
tion— if  such  be  needed — in  his  firm  belief  that  of  all 
classifications  this  approximates  most  nearly  to  a  nat- 
ural one,  and  that  though  subsequent  researches  may 
compel  its  partial  modification,  its  broad  outlines  will 
long  endure  unaltered. 

Toronto,  Oilsher  2,  1871. 


PREFACE    TO    FIRST    EDITION    OF   PART  I. 
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PREFACE.  VII 

readers,  not  a  mere  mass  of  undigested  facts,  but  something 
like  an  orderly  and  systematic  review  of  the  main  points  re- 
quired to  be  known  by  the  student  The  Author  is  conscious 
of  many  imperfections  in  bis  plan,  and  also  in  the  execution  of 
his  pkn.  The  subject,  however,  is  so  extensive,  and  so  con- 
stantly changing,  that  he  can  reasonably  claim  some  indulgence, 
if  the  brief  leisure-time  of  a  busy  life  has  not  enabled  him  in 
every  respect  to  keep  abreast  of  the  latest  discoveries.  Such 
defects  as  there  may  be,  are,  it  is  hoped,  of  such  a  nature  as 
not  to  diminish  the  value  of  the  work  for  ordinary  students. 

Amongst  the  sources  upon  which  tJie  Author  has  mainly 
drawn,  it  is,  perhaps,  invidious  to  mention  one  more  than 
another.  He  feels,  however,  bound  to  acknowledge  with 
gratitude  the  very  great  assistance  which  he  has  derived  from 
the  various  works  of  Professor  Huxley. 

Edinburgh,  Nevembir  2,  1869. 


PREFACE  TO  FIRST   COMPLETE  EDITION. 

In  issuing  the  first  part  of  the  present  work  in  a  second  edition, 
and  in  bringing  out  the  second  part,  the  Author  has  little  to 
add  to  what  he  has  already  said. 

The  chief  point  upon  which  it  may  be  deshable  to  say  a  few 
words  is,  as  to  the  object  aimed  at  in  the  Introductory  portion 
of  the  work.  The  Introduction  is  intended  to  exhibit  to  the 
student,  in  as  brief  a  form  as  possible,  the  leading  principles 
of  Zoological  Science.  These  principles  are  of  the  highest 
importance,  and  no  adequate  knowledge  of  Zoology  can  be 
attained  without  their  fuU  comprehension.  At  the  same  time, 
the  principles  in  question  depend,  in  many  cases,  upon  data 
which  are  only  evolved  during  the  systematic  study  of  the  sub- 
ject    For  this  reason,  it  is  not  to  be  expected  that  the  sUidenl 
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should  find  himself  fully  able  to  comprehend  the  Introductory 
portion  of  the  work,  whilst  still  standing  at  the  threshold  of 
the  subject.  Whilst  the  student,  therefore,  will  do  well  to 
glance  over  the  Introduction  before  commencing  the  study 
of  the  systematic  portion  of  the  work,  he  must  be  prepared  to 
find  many  points  which  he  can  only  fully  grasp  after  he  has 
attained  a  knowledge  of  the  leading  modifications  of  structure 
exhibited  in  the  Animal  Kingdom.  The  Author  has  only  to 
add  that  the  first  part  of  the  work  (on  the  Invertebrate  Ani- 
mals) has  been  carefully  revised,  and,  as  far  as  possible, 
brought  up  to  the  present  level  of  the  Science;  whilst  the 
illustrations,  with  very  few  exceptions,  have  been  drawn  upon 
the  wood  by  himself. 

Edinburgh,  December  i,  i87Cb 
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GENERAL  INTRODUCTION. 

1.  Definition  of  Biology  and  Zoo  log  v. 

Natural  History,  strictly  speaking,  and  as  the  term  itself 
implies,  should  be  employed  to  designate  the  study  of  all 
natural  objects  indiscriminately,  whether  these  are  organic 
or  inot^anic,  endowed  with  life,  or  exhibiting  none  of  those 
incessant  vicissitudes  which  collectively  constitute  vitality. 
So  enormous,  however,  have  been  the  conquests  of  science 
within  the  last  century,  that  Natural  History,  using  the  term 
in  its  old  sense,  has  of  necessity  been  divided  into  several 
more  or  less  nearly  related  branches. 

In  the  first  place,  the  study  of  natural  objects  admits  of 
an  obvious  separation  into  two  primary  sections,  of -which  the 
first  deals  with  the  phenomena  presented  by  the  inorganic 
world,  whilst  the  second  is  occupied  with  the  investigation  of 
the  nature  and  relations  of  all  bodies  which  exhibit  life.  The 
former  department  concerns  the  geologist  and  mineralogist, 
and  secondarily  the  naturalist  proper  as  well ;  the  latter  de- 
partment, treating  as  it  does  of  living  beings,  is  properly 
designated  by  the  term  Biology  (from  S/o;,  life,  and  Xoyoj,  a 
discourse).  Biology,  in  turn,  may  be  split  up  into  the  sciences 
of  Botany  and  Zoology,  the  former  dealing  with  plants,  the 
latter  with  animals ;  and  it  is  really  Zoology  alone  which  is 
nowadays  understood  by  the  term  Natural  History. 

In  determining,  therefore,  the  limits  and  scope  of  Biology, 
we  are  brought  at  the  very  threshold  of  our  inquiry  to  the 
question,  What  are  the  differences  between  dead  and  living 
bodies?  or  rather,  in  the  first  place,  what  are  the  characteris- 
tics of  an  organised  as  compared  with  an  unorganised  body  ?  * 

•  The  differences  between  dead  or  inoi^anic  bodies  on  Ihe  one  hand, 
and  living  or  oi^anic  bodies  on  the  other,  may  be  taken  for  all  practical 

Eurposes  as  the  same  as  those  between  urtorganisgd  and  Brganism  bodies. 
t  is  quite  true  that  certain  living  beings  [Foramini/era)  cannot  be  said  to 
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2.  Differences  between  Dead  and  Li    ng  E  d  e 

In  determining  this  somewhat  difficult  poin  b    b 

to  examine  the  cUflerences  between  organised      d  g 

bodies  seriatim,  and  to  compare  them  togeth  n  a  ca 

under  the  following  heads  : — 

a.  Chemical  Composition. — Unorganised  bod  a  d 
of  many  elements,  which  may  be  either  simpl  mb  n  d , 
but  the  combinations  are  mostly  limited  to  a  small  number  of 
elements  (forming  binary  and  ternary  compounds),  and  these 
are  united  in  low  combining  proportions.  Thus,  carbonate  of 
lime,  or  common  limestone,  is  an  excellent  example  of  an  in- 
organic body,"*  being  a  ternary  compound  composed  of  one 
atom  of  the  metal  calcium,  three  of  oxygen,  and  one  of  carbon. 

Organised  bodies,  on  the  other  hand,  are  composed  of  few 
chemical  elements,  and  these  are  almost  always  combined. 
Furthermore,  the  combinations  are  always  complex  (ternary 
and  quaternary  compounds),  and  the  elements  enter  into  union 
in  high  combining  proportions.  Finally,  the  combinations  are 
invariably  characterised  by  the  presence  of  water,  and  are 
prone  to  spontaneous  decomposition.  Thus,  the  great  organic 
compound,  albumen,  is  composed  of  144  atoms  of  carbon,  no 
of  hydrogen,  18  of  nitrogen,  2  atoms  of  sulphur,  and  42  of 
oxygen.  Iron,  however,  exists  in  the  blood,  very  probably  in 
its  elemental  condition;  and  copper  has  been  detected  in  the 
liver  of  certain  Mammalia,  and  largely  in  the  red  colouring- 
matter  of  the  feathers  of  certain  birds. 

b.  Arrangefnent  of  Parts. — Unorganised  bodies  are  composed 
of  an  aggregation  of  homogeneous  parts  (when  unmixed)  which 
bear  no  definite  and  fixed  relations  to  one  another. 

Organised  bodies  are  composed  of  heterogeneous  parts,  the 
relations  of  which  amongst  themselves  are  more  or  less  definite. 

c.  Form. — Unorganised  bodies  are  either  of  no  definite  shape 
— when  they  are  said  to  be  "amorphous" — or  they  are  crystal- 
line, in  which  case  they  are  almost  invariably  bounded  by 
plane  smiaces  and  straight  lines.  Organised  bodies  are  always 
more  or  less  definite  in  shape,  presenting  convex  and  concave 
surfaces,  and  being  bounded  by  curved  lines, 

be  "  oi^anised "  in  the  proper  sense  of  Ihe  term;  sfill  oi^nisation  is  in 
such  a  vast  proportion  of  cases  the  concomitant  of  vitality,  thai  the  pur- 
pose here  in  view  will  be  folly  served  by  assuming  that  all  limng  bodies 
are  organised,  and  all  dtad  bodies  are  ttnurgamsfd. 

*  Iq  another  sense  limestone  may  be  said  to  be  otganic — namely,  when 
it  has  been  produced  by  the  operations  of  living  beings;  but  this  does  not 
affect  the  above  deRnition. 
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d.  Mode  of  hurmse. — When  unorganised  bodies  increase  in 
size,  as  crystals  do,  the  increase  is  produced  simply  by  what  is 
called  "accretion  ;"  that  is  to  say,  by  the  addition  of  fresh 
particles  from  the  outside. 

Oi^anised  bodies  increase  by  what  is  often  called,  the  "in- 
tussusception "  of  matter;  in  other  words,  by  tlie  reception  of 
matter  into  their  interior  and  its  assimilation  there.  To  this 
process  alone  can  the  term  "  growth  "  be  properly  appHed, 

e.  Cyclical  Change. — Unorganised  bodies  exhibit  no  actions 
that  are  not  purely  physical  or  chemical,  and  they  show  no 
tendency  to  periodical  vicissitudes.  Organised  bodies  are  pre- 
eminently distinguished  by  the  tendency  which  they  show  to 
pass  through  spontaneous  and  cyclical  changes. 

To  sum  up,  all  bodies  which  are  composed  of  a 
tion  of  diverse  but  definitely  related  parts,  which  have  a 
nite  shape,  bounded  by  curved  lines  and  presenting  concave 
and  convex  surfaces,  which  increase  in  size  by  the  intussus- 
ception of  foreign  particles,  and  which  pass  through  certain 
cyclical  changes,  are  organised;  and  it  is  with  the  study  of 
bodies  such  as  these  that  Biology  is  concerned. 

In  the  foregoing  it  has  been  assumed,  for  the  sake  of  simpli- 
city, that  all  Jiving  bodies  exhibit  organisation.  It  is  to  be 
remembered,  however,  that  there  are  living  bodies  {e.g.,  Fora- 
minifera)  to  which  the  tfcrm  of  "  organised,"  as  above  defined, 
cannot  be  applied.  Such  bodies  are  living,  but  they  are  not 
organised.  In  these  cases  the  distinction  from  dead  matter  de- 
pends wholly  upon  the  mode  of  growth,  and  upon  the  presence 
of  vital  activity  as  shown  by  the  occurrence  of  various  periodic 
changes. 

The  grand  aJid  fundamental  characters  by  which  living 
bodies  are  distinguished  from  dead  bodies  are  these: — i.  Every 
living  body  possesses  the  power  of  taking  into  its  interior  cer- 
tain foreign  materials,  and  converting  these  into  the  substances 
required  to  build  up  fresh  tissue  or  pa'  n  t  By  this 
power  of  "assimilation,"  as  it  is  called  a  1  b  Ay  grows. 

2.  Living  bodies,  as  they  are  constantly  ss  m  la  ng  f  sh  mat- 
ter, are  incessantly  losing  portions  of  1  b  an  e — or,  in 
otlier  words,  partial  death  is  a  constant          mp      m  n    of  life. 

3.  If  our  observation  be  continued  fo  fh  n  ength  of 
time,  we  find  that  every  living  body  h  1  p  w  of  repro- 
ducing its  like.  That  is  to  say,  everylivmg  body  has,  directly 
or  indirectly,  the  power  of  giving  origin  to  minute  gemis  which 
are  developed  into  the  likeness  of  the  parent  4-  The  matter 
of  a  living  body  is  subject  to  the  same  physical  and  chemical 
forces  as  those  which  affect  dead  matter ;  but  it  is  further  the 
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seat  of  something  in  virtue  of  which  the  Hving  body  can  over- 
ride the  physical  laws  which  control  all  dead  matter.  The 
living  body  is  the  seat  of  energy,  and  can  overcome  the  pri- 
mary law  of  the  inertia  of  matter.  It  has  certain  relations 
with  the  outer  world  other  than  those  of  mere  passivity. 
However  humble  it  may  be,  and  even  if  it  be  permanently 
rooted  to  one  place,  some  part  or  other  of  every  living  body 
possesses  the  power  of  spontaneous  and  independent  move- 
ment— a  power  possessed  by  nothing  that  is  dead. 

3.  Nature  of  Life. 

We  have  next  to  determine — and  the  question  is  one  of 
great  difficulty—what  connection  exists  between  organisation 
and  life.  Is  organisation,  as  we  have  defined  it,  essential  to 
the  manifestation  of  life,  or  can  vital  phenomena  be  exhibited 
by  any  body  which  is  devoid  of  an  organised  structure?  In 
other  words,  is  life  the  cause  of  organisation,  or  the  resiiU  of  it  ? 
And  first,  what  do  we  mean  by  life? 

Life  has  been  variously  defined  by  different  writers.  Bichat 
defines  it  as  "  the  sum  total  of  the  functions  tthich  resist  death;" 
Treviranus,  as  "  the  constant  uniformity  of  phenomena  with 
diversity  of  external  influences ; "  Duges,  as  "  the  special  acti- 
vity of  organised  bodies ; "  and  Beclard,  as  "  oiganisatJon  in 
action."  All  these  definitions,  however,  are  more  or  less  objec- 
tionable, since  the  assumption  underlies  them  all  tJiat  life  is 
hiseparably  connected  with  oi^anisation.  In  point  of  fact,  no 
rigid  definition  of  life  appears  to  be  at  present  possible,  and  it 
is  best  to  regard  it  as  being  simply  a  tendency  exhibited  by 
certain  forms  of  matter,  under  certain  conditions,  to  pass 
through  a  series  of  changes  in  a  more  ot  less  definite  and 
determinate  sequence. 

As  regards  the  connection  between  life  and  organisation, 
it  appears  that  whilst  all  organised  bodies  exhibit  this  ten- 
dency to  change,  and  are  therefore  alive,  all  living  beings  are 
not  necessarily  organised.  Many  of  the  lowest  forms  of  life 
(such  as  the  Foraminifera  amongst  the  Protozoa)  fail  to  fulfil 
one  of  the  most  essential  conditions  of  organisation,  being  de- 
void of  definite  parts  or  organs  of  any  kind.  Nevertheless,  they 
are  capable  of  manifesting  all  the  essential  phenomena  of  life ; 
they  are  produced  from  bodies  like  themselves ;  they  eat, 
digest,  and  move,  and  exhibit  distinct  sensibility  to  many  ex- 
ternal impressions.  Furthermore,  many  of  these  Uttle  masses 
of  structureless  jelly  possess  the  power  of  manufacturing  for 
themselves,   of  lime,    or   of  tlie  still   more   intractable   flint, 
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extem'il  shells  of  surpassing  beiuty  and  matliematical  regu 
Iinty  In  the  fice  ot  these  facts  we  are  therefore  compelled 
t  comt  to  the  conclusion  that  1  fe  is  truly  the  cat  ie  and  not 
the  consequence  of  oi^anisation  cr  n  other  words  that  or 
gaiisition  IS  not  an  intrinsic  and  indis]  ens-ible  condition  ot 
vital  phen  jmena 

Such  T.n  intrinsic  and  indispens^lle  condit  on  is  however 
to  be  found  in  the  presence  of  a  uniform  'phjsical  basis  to 
■which  has  been  applied  the  name  ot  jrotophsm  {the  bio 
plasm  of  Dr  Beak)  W  ithout  some  such  a  material  substra 
t  m  or  medium  upon  which  to  work  no  one  vital  phenome 
Hon  can  be  exhibited  The  necessary  forces  may  be  there 
h  t  n  the  absence  of  this  necessary  \fchicle  there  can  be  no 
outward  and  visible  manifestation  of  their  tx  ■itcnce  Life 
therefore  asne  know  it,  an  i  as  far  asne  knoi  tt  may  I  e  said 
to  be  inseparably  connected  with  protoplasm.  In  other  words, 
protoplasm  bears  to  life  the  same  relation  that  a  conductor  does 
to  the  electric  current.  It  is  the  sole  medium  through  which 
■life  can  be  brought  into  relation  with  the  external  world.  There 
is,  however,  as  yet,  no  reason  to  believe  that  protoplasmic  mat- 
ter holds  any  otlier  or  higher  relation  to  life,  or  that  vital 
phenomena  are  in  any  way  an  inherent  property  of  the  matter 
by  which  alone  they  are  capable  of  being  manifested. 

As  regards  its  nature,  protoplasm,  though  capable  of  form- 
ing the  most  complex  structures,  does  not  necessarily  exhibit 
anything  which  can  be  looked  upon  as  organisation,  or  dif- 
ferentiation into  distinct  parts ;  and  its  chemical  composition 
is  the  only  constant  which  can  be  approximately  stated.  It 
consists,  namely,  in  all  its  forms,  of  the  four  elements,  carbon, 
hydrogen,  oxygen,  and  nitrogen,  united  into  a  proximate 
compound  to  which  Mulder  applied  the  name  of  "  proteine," 
and  which  is  very  nearly  identical  with  albumen  or  white-of- 
egg.  It  further  appears  probable  that  all  fonns  of  protoplasm 
can  be  made  to  contract  by  means  of  electricity,  and  "  are 
liable  to  undergo  that  peculiar  coagulation  at  a  temperature  of 
40° — 50°  centigrade,  which  has  been  called  'heat-stiffeniog'" 
(Huxley). 

If  we  admit,  then,  with  Huxley— and  the  admission  re- 
quires some  qualifications — -  that  "  protoplasm,  simple  or 
nucleated,  is  the  formal  basis  of  all  life,*  there,  nevertheless, 

•  It  has  not  yet  been  shown  (hat  the  living  matter  which  we  designate 
jy  the  convenient  term  of  "protoplasm"  has  universally  and  in  all  cases 
a  constant  and  imdeviating  chemical  composition  ;  and  there  is,  indeed, 
reason  to  believe  that  this  is  not  the  case.      It  is  also  certain  that  there  are 
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remain  certaJn  conditions  equally  indispensable  to  the  external 
manifestation  of  vital  phenomena;  though  life  itself,  or  the 
power  of  exhibiting  vital  phenomena,  may  be  preserved  for  a 
longer  or  shorter  period,  even  though  these  conditions  be  ab- 
sent These  extrinsic  conditions  of  vitality  are,  firstly^  a  cer- 
tain temperature  varying  from  near  the  freezing-point  to  120° 
or  130°;  secondly,  the  presence  of  water,  which  enters  largely 
into  the  composition  of  all  living  tissues  ;  thirdly,  the  presence 
of-oxygen  in  a  free  state, — this,  like  water,  appearing  to  be  a 
sine  qua  non  of  life,  though  certain  fungi  are  stated  to  offer 
an  exception  to  this  statement.* 

The  non-fulfilment  of  any  of  these  conditions  for  any  length 
of  time,  as  a  rule,  causes  death,  or  the  cessation  of  vitality;  but, 
as  before  remarked,  life  may  sometimes  remain  in  a  dormant 
or  "  potential  "  condition  for  an  apparently  indefinite  length  of 
time.  An  excellent  illustration  of  this  is  afforded  by  ihe  great 
tenacity  of  life,  even  under  unfavourable  conditions,  exhibited 
by  the  ova  of  some  animals  and  the  seeds  of  many  plants  ;  but 
a  more  striking  example  is  to  be  found  in  the  Rotifera,  or  Wheel- 
animalcules.  These  are  minute,  mostly  microscopic  creatures, 
which  inhabit  almost  all  our  ponds  and  streams.  Diminutive 
as  they  are,  they  are  nevertheless,  comparatively  speaking,  of 
a  very  high  grade  of  oiganisation.  They  possess  a  mouth, 
masricatory  organs,  a  stomach,  and  alimentary  canal,  a  dis- 
tinct and  well-developed  nervous  system,  a  differentiated  re- 
productive apparatus,  and  even  organs  of  vision.  Repeated 
experiments,  however,  have  shown  the  remarkable  fact,  that, 
with  their  aquatic  habits  and  complex  organisation,  the  Roti- 
fers are  capable  of  submitting  to  an  apparently  indefinite  de- 
privation of  the  necessary  conditions  of  their  existence,  with- 
out thereby  losing  their  vitality.  They  may  be  dried  and 
reduced  to  dust,  and  may  be  kept  in  this  state  for  a  period  of 
many  years  ;  nevertheless,  the  addition  of  a  little  water  will 
at  any  time  restore  them  to  their  pristine  vigour  and  activity. 
It  follows,  therefore,  that  an  organism  may  be  deprived  of  all 
power  of  manifesting  any  of  the  phenomena  which  constitute 
what  we  call  life,  without  losing  its  hold  upon  the  vital  forces 
which  belong  to  it. 

If,  in  conclusion,  it  be  asked  whether  the  term  "vital  force" 
is  any  longer  permissible  in  the  mouth  of  a  scientific  man, 
the  question  must,  I   think,  be  answered  in  the  affirmative. 

lice  of  life,  probably  even  in  its 

cd,  would  go  to  prove  that  these 
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Formerly,  no  doubt,  the  progress  of  science  was  retarded  and 
its  growth  checked  by  a  too  exclusive  reference  of  natural 
phenomena  to  a  so-called  vital  force.  Equally  unquestionable 
is  the  fact  that  the  development  of  Biological  science  has  pro- 
gressed contemporaneously  with  the  successive  victories  gained 
by  the  physicists  over  the  vitalists.  Still,  no  physicist  has 
hitherto  succeeded  in  explaining  any  fundamental  vital  phe- 
nomenon upon  purely  physical  and  diemical  principles.  The 
simplest  vita!  phenomenon  has  in  it  something  over  and  above 
the  merely  chemical  and  physical  forces  which  we  can  demon- 
strate in  the  laboratory.  It  is  easy,  for  example,  to  say  that 
the  action  of  the  gastric  juice  is  a  chemical  one,  and  doubt- 
less the  discovery  of  this  fact  was  a  great  step  in  physiological 
science.  Nevertheless,  in  spite  of  the  most  searching  inves- 
tigations, it  is  certain  that  digestion  presents  phenomena 
which  are  as  yet  inexplicable  upon  any  chemical  theory.  This 
is  exemplified  in  its  most  striking  form,  when  we  look  at  a 
simple  organism  like  the  Amceba.  This  animalcule,  which  is 
structurally  little  more  than  a  mobile  lump  of  jelly,"digests  as 
perfectly — as  far  as  the  result  to  itself  is  concerned — as  does 
the  most  highly  organised  animal  with  the  most  complex 
digestive  apparatus.  It  takes  food  into  its  interior,  it  digests 
it  without  the  presence  of  a  single  organ  for  tlie  purpose;  and 
still  more,  it  possesses  that  inexplicable  selective  power  -by 
which  it,  assimilates  out  of  its  food  such  constituents  as  it 
needs,  whilst  it  rejects  the  remainder.  In  the  present  state  of 
our  knowledge,  therefore,  we  must  conclude  that  even  in  the 
process  of  digestion  as  exhibited  in  the  Amceba  there  is  some- 
thing that  is  not  merely  physical  or  chemical.  Similarly,  any 
organism  when  just  dead  consists  of  the  same  protoplasm  as 
before,  in  the  same  forms,  and  with  the  same  arrangement; 
but  it  has  most  unquestionably  lost  a  something  by  which  ail  its 
properties  and  actions  were  modified,  and  some  of  them  were 
produced.  What  that  something  is,  we  do  not  know,  and 
perhaps  never  shall  know ;  and  it  is  possible,  though  highly 
improbable,  that  future  discoveries  may  demonstrate  that  it 
is  merely  a  subtle  modification  of  some  physical  force.  In 
the  meanwhile,  as  all  vital  actions  exhibit  this  mysterious 
something,  it  would  appear  unphilosophical  to  ignore  its  exist- 
ence altogether,  and  the  term  "  vital  force  "  may  therefore  be 
retained  with  advantage.  In  using  this  term,  however,  it 
must  not  be  forgotten  that  we  are  simply  employing  a  con- 
venient expression  for  an  unknown  quantity,  for  that  residual 
portion  of  every  vital  action  which  cannot  at  present  be  re- 
ferred to  the  operation  of  any  known  physical  force. 
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4.  Differences  beiween  Animals  and  Plants. 

We  have  now  arrived  at  some  definite  notion  of  the  essen- 
tial characters  of  hving  beings  in  general,  and  we  have  next  to 
consider  what  are  the  characteristics  of  the  two  gi'eat  divisions 
of  the  organic  world  \\hat  are  the  characters  which  induce 
us  to  plice  any  given  organism  in  either  the  vegetable  or  the 
inunal  kingdom?  What,  in  fact  arc  the  differences  betnetn 
animals  and  plants  '> 

It  IS  generally  admitted  that  all  bodies  wh  ch  txhibit  ^  til 
phenomena  are  c^pable  of  being  referred  to  one  of  the  two 
gre^t  kingdoms  of  organic  nature  At  the  same  time  it  is 
olten  extremely  difficult  m  individual  cases  to  come  to  any 
decision  as  to  the  kingdom  to  which  a  given  organism  should 
be  referred  and  in  monj  cases  the  determinition  is  purely 
arbitrary  So  strongly,  in  fact,  has  this  difficulty  been  felt, 
that  some  observers  ha\e  established  an  intermediate  kingdom 
a  sort  of  no  man  s  land,  for  the  reception  of  those  debatable 
organisms  which  cannot  be  definitely  and  positively  classed 
either  amongst  vegetables  or  amongst  animals  Ihu*;,  Dr 
Ernst  HEeckel  has  proposed  to  fonn  an  intermediate  kingdom, 
which  he  calls  the  Regnum  Ptottiiticum,  for  the  reception  of  all 
doubtful  organisms  Even  such  a  cautious  observer  as  Dr 
Rdlleston,  whilst  questioning  the  propnety  of  this  step,  is 
forced  to  conclude  that  "there  are  organisms  which  at  one 
penod  of  then  life  exhibit  an  aggregate  of  phenomena  such  as 
to  justify  us  in  speaking  of  them  as  animals,  whilst  at  another 
they  appear  to  be  as  distinctly  vegetable." 

In  the  case  of  the  li^her  animals  and  plants  there  is  no 
difficulty;  the  former  being  at  once  distinguished  by  the 
possession  of  a  nervous  system,  of  motor  power  which  can  be 
voluntarily  exercised,  and  of  an  internal  cavity  fitted  for  the 
reception  and  digestion  of  solid  food.  The  higher  plants,  on 
the  other  hand,  possess  no  nervous  system  or  organs  of  sense, 
are  incapable  ol  independent  locomotion,  and  are  not  provided 
with  an  internal  digestive  cavity,  then  food  being  wholly  fluid 
or  gaseous.  These  distinctions,  however,  do  not  hold  good  as 
regards  the  lower  and  less  highly  organised  members  of  the 
two  kingdoms,  many  animals  having  no  nervous  system  or  in- 
ternal digestive,  cavity,  whilst  many  plants  possess  the  power 
of  locomotion  ;  so  that  we  are  compelled  to  institute  a  closer 
comparison  in  the  case  of  these  lower  forms  of  life. 

a.  For/It. — -As  regards  external  configuration,  of  all  charac- 
ters the  most  obvious,  it  must  be  admitted  that  no  absolute 
distinction  can    be   laid   down    between    plar.ts  and  animals. 
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Many  of  our  ordinarj-  zoophytes,  such  as  the  Hydroid  Polypes, 
the  sea-shrubs  and  corals — as,  indeed,  the  name  zoophyte 
implies — are  so  similar  in  external  appearance  to  plants  that 
ihey  were  long  described  as  such.  Amongst  the  MoUuscoida, 
the  common  sea-mat  (Flustra)  is  invariably  regarded  by  sea- 
side visitors  as  a  sea-weed.  Many  of  the  Protozoa  are  equally 
like  some  of  the  lower  plants  (Protophyta) ;  and  even  at  the 
present  day  there  are  not  wanting  those  who  look  upon  the 
sponges  as  belonging  to  the  vegetable  kingdom.  On  the  other 
hand,  the  embryonic  forms,  or  "  zoospores,"  of  certain  un- 
doubted plants  (such  as  the  Protococcus  nivalis,  Vaucheria, 
&c.)  are  provided  with  ciliated  processes  vnth  which  they 
swim  about,  thus  coming  so  closely  to  resemble  some  of  tlie 
Infusorian  animalcules  as  to  have  been  referred  to  that  divi- 
sion of  the  Protozoa. 

b.  Internal  Stnuture. — Here,  again,  no  line  of  demarcation 
can  be  drawn  between  the  animal  and  vegetable  kingdoms. 
In  this  respect  all  plants  and  animals  are  fundamentally 
similar,  being  alike  composed  of  molecular,  cellular,  aiid  fib- 
rous tissues. 

c.  Chemical  Composition. — Plants,  speaking  generally,  exhibit 
a  preponderance  of  ternary  compounds  of  carbon,  hydrogen, 
and  oxygen — such  as  starch,  cellulose,  and  sugar^ — whilst 
nitrogenised  compounds  enter  more  largely  into  the  compo- 
sition of  animals.  Still  both  kingdoms  contain  identical  or 
representative  compounds,  though  there  may  be  a  difference 
in  the  proportion  of  these  to  one  another.  Moreover,  tlie 
most  characteristic  of  all  vegetable  compounds,  viz,,  cellulose, 
has  been  detected  in  the  outer  covering  of  the  sea-squirts, 
orAscidian  Molluscs;  and  the  so-called  "glycogen,"  which  is 
secreted  by  the  liver  of  the  Mammalia,  is  <Josely  allied  to,  if 
not  absolutely  identical  with,  the  hydrated  starch  of  plants.  As 
a  general  rule,  however,  it  may  be  stated  that  the  presence  in 
any  organism  of  an  external  envelope  of  cellulose  raises  a  strong 
presumption  of  its  vegetable  nature.  In  the  face,  however, 
of  the  facts  above  stated,  the  presence  of  ceSlulose  cannot  be 
looked  upon  as  absolutely  conclusive.  Another  highly  charac- 
teristic vegetable  compound  is  chlorophyll,  the  green  colouring- 
matter  of  plants.  .Any  organism  which  exhibits  chlorophyll 
in  any  quantity,  as  a  proper  element  of  its  tissues,  is  most 
probably  vegetable.  As  in  the  case  of  cellulose,  however,  the 
presence  of  chlorophyll  cannot  be  looked  upon  as  a  certain 
test,  since  it  occurs  normally  in  certain  undoubted  animals 
(e.g.,  Steiiior,  amongst  the  Jiifusoria,  and  the  Hydra  viridis, 
or  tlie  green  Fresh-water  Polype,  amongst  the  Cmknieraia). 
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d.  Motor  Pimer. — This,  though  broadly  distinctive  of  ani- 
mals, can  by  no  means  be  said  to  be  characteristic  of  them. 
Thus,  many  animals  in  their  mature  condition  are  permanently 
fixed,  or  attached  to  some  foreign  object ;  and  the  embryos  of 
many  plants,  together  witli  not  a  few  adult  forms,  are  endowed 
with  locomotive  power  by  me^s  of  those  vibratile,  hair-like 
processes  which  are  called  "  cilia,"  and  are  so  characteristic 
of  many  of  the  lower  fonns  of  animal  life.  Not  only  is  this 
the  case,  but  large  numbers  of  the  lower  plants,  such  as  the 
Diatoms  and  Desmids,  exhibit  throughout  life  an  amount  and 
kind  of  locomotive  power  which  does  not  admit  of  being  rigidly 
separated  from  the  movements  executed  by  animals,  though  the 
closest  researches  have  hitherto  failed  to  show  the  mechanism 
whereby  these  movements  are  brought  about. 

e.  Nature  of  the  Food. — Whilst  al!  the  preceding  points  have 
failed  to  yield  a  means  of  invariably  separating  animals  from 
plants,  a  distinction  which  holds  good  almost  without  excep- 
tion is  to  be  found  in  the  nature  of  the  food  taken  respectively 
by  each,  and  in  the  results  of  the  conversion  of  the  same.  The 
unsatisfactory  feature  however,  in  this  distinction  is  this,  tliat 
even  if  it  could  be  shown  to  be  theoreticallv,  mianably  XyMt, 
it  would  nevertheless  be  practically  impossible  to  afpiyit  to 
the  greater  number  of  those  mmute  oif,anisms  concerning 
which  alone  there  can  be  iny  dispute 

As  a  broad  rule  all  plants  are  endowed  with  the  power  of 
converting  lnorga^lc  into  organic  m'\ttcr  Ihe^/ood  of  plants 
consists  of  the  inorgamc  compounds,  carbonic  acid,  ammonia, 
and  water,  along  with  small  quantities  of  certain  mineral  salts. 
From  these,  and  from  these  only,  plants  are  capable  of  elabo- 
rating the  proteinaceous  matter  or  protoplasm  which  consti- 
tutes the  physical  basis  of  life.  Plants,  therefore,  take  as  food 
very  simple  bodies,  and  manufacture  them  into  much  more 
complex  substances.  In  other  words,  by  a  process  of  deoxida- 
tion  or  unbuming,  rendered  possible  by  the  influence  of  sun- 
light only,  plants  convert  the  inorganic  or  stable  elements — 
ammonia,  carbonic  acid,  water,  and  certain  mineral  salts— into 
the  organic  or  unstable  elements  of  food.  The  whole  problem 
of  nutrition  may  be  narrowed  to  the  question  as  to  the  modes 
and  laws  by  which  these  stable  elements  arq  raised  by  the  vital 
chemistry  of  the  plant  to  the  height  of  unstable  compounds. 
To  this  general  statement,  however,  an  exception  must  seem- 
ingly be  made  in  favour  of  certain  fungi,  which  require  organ- 
ised compounds  for  their  nourishment. 

On  the  other  hand,  no  known  animal  possesses  the  power 
of  converting  inorganic  compounds  into  oij^anic  matter,  but 
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all,  mediately  or  immediately,  are  dependent  in  this  respect 
upon  plants.  All  animals,  as  far  as  is  certainly  known,  require 
ready-made  proteinaceous  matter  for  the  maintenance  of  exist- 
ence, and  this  they  can  only  obtain  in  the  first  instance  from 
plants.  Animals,  in  fact,  differ  from  plants  in  reqniring  as  food 
complex  organic  bodies  which  they  ultimately  reduce  to  very 
much  simpler  inorganic  bodies.  The  nutrition  of  animals  is 
a  process  of  oxidation  or  burning,  and  consists  essentially  in 
the  conversion  of  the  energy  of  the  food  into  vital  work  ;  this 
conversion  being  effected  by  the  passage  of  the  food  into  living 
tissue.  Plants,  therefore,  are  the  great  manufacturers  in  nature, 
—animals  are  the  great  consumers. 

Just,  however,  as  this  law  does  not  invariably  hold  good  for 
plants,  certain  fungi  being  in  this  respect  animals,  so  it  is 
not  impossible  that  a  limited  exception  to  the  universality  ot 
the  law  will  be  found  in  the  case  of  animals  also.  Thus,  in 
some  recent  investigations  into  the  fauna  of  the  sea  at  great 
depths,  a  singular  organism,  of  an  extremely  low  type,  but 
occupying  large  areas  of  the  sea-bottom,  has  been  discovered, 
to  which  Professor  Huxley  has  given  the  name  of  Bathybius. 
As  vegetable  life  is  extremely  scanty,  or  is  altogether  wanting, 
in  these  abysses  of  the  ocean,  it  has  been  conjectured  that 
this  organism  is  possibly  endowed  with  the  power — otherwise 
exclusively  found  in  plants — of  elaborating  organic  compounds 
out  of  inoi^anic  materials,  and  in  this  way  supplying  food  for 
the  higher  animals  which  surround  it.  The  water  of  the 
ocean,  however,  at  these  enormous  depths,  is  riclily  charged 
with  organic  matter  in  solution,  and  this  conjecture  is  thereby 
rendered  doubtful. 

Be  this  as  it  may,  there  remain  to  be  noticed  two  distinc- 
tions, broadly  though  not  universally  applicable,  which  are 
due  to  the  nature  of  the  food  required  respectively  by  animals 
and  plants.  In  the  first  place,  the  food  of  all  plants  consists 
partly  of  gaseous  matter  and  partly  of  matter  held  in  solution. 
They  require,  therefore,  no  special  aperture  for  its  admission, 
and  no  internal  cavity  for  its  reception.  The  food  of  almost 
all  animals  consists  of  solid  particles,  and  they  are  therefore 
usually  provided  with  a  mouth  and  a  distinct  digestive  cavity. 
Some  animals,  however,  such  as  the  tape-worm  and  the  Gre- 
garinK,  live  entirely  by  the  imbibition  of  organic  fluids  through 
the  general  surface  of  the  body,  and  many  have  neither  a  dis- 
tinct mouth  nor  stomach. 

Secondly,  plants  decompose  carbonic  acid,  retaining  the 
carbon  and  setting  free  the  oxygen,  certain  fungi  fofming  an 
exception  to  this  law.     The  reaction  of  plants  upon  the  atmo- 
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sphere  is  therefore  characterised  by  the  production  of  free 
oxygen.  Animals,  on  the  other  hand,  absorb  oxvgen  and  emit 
carbonic  acid,  so  that  their  reaction  upon  the  atmosphere  is 
the  reverse  of  that  of  plants,  and  is  characterised  by  the  pro- 
duction of  carbonic  acid. 

Finally,  it  is  worthy  of  notice  that  it  is  in  their  loner  and 
not  in  their  higher  developments  that  the  two  kingdoms  of 
organic  nature  approach  one  another.  No  difficulty  is  ex 
perienced  in  separating  the  higher  animals  from  the  higher 
plants,  and  for  these  universal  laws  can  be  laid  down  to  which 
there  is  no  exception.  It  might,  not  unnaturallv,  have  been 
thought  that  the  lowest  classes  of  animals  would  exhibit  most 
affinity  to  the  highest  plants,  and  that  thiis  a  gradual  passage 
between  the  two  kingdoms  would  be  established.  This  is  not 
the  case,  however.  The  lower  animals  are  not  allied  to  the 
higher  plants,  but  to  the  lower ;  and  it  is  in  the  very  lowest  mem- 
bers of  the  vegetable  kingdom,  or  in  the  embryonic  and  imma- 
ture forms  of  plants  little  higher  in  the  scale,  that  we  find  such 
a  decided  animal  gift  as  the  power  of  independent  locomotion. 
It  is  also  in  the  less  highly  organised  and  less  specialised  forms 
of  plants  that  we  find  the  only  departures  firoin  the  great  laws 
of  vegetable  life,  the  deviation  being  in  the  direction  of  the 
laws  of  animal  life. 

5.  Morphology  and  Physiology. 

The  next  point  which  demands  notice  relates  to  the  nature 
of  the  differences  between  one  animal  and  another,  and  the 
question  is  one  of  the  highest  importance.  Every  animal — - 
as  every  plant^may  be  regarded  from  two  totally  distinct, 
and,  indeed,  often  apparently  opposite,  points  of  view.  From 
the  first  point  of  view  we  have  to  look  simply  to  the  laws, 
form,  and  arrangement  of  the  striutures  of  the  ot^anism;  in 
short,  to  its  external  shape  and  internal  structure.  This  con- 
stitutes the  science  of  morphology  {i'.i^(fih,form,  and  Xoj'Sf,  dis- 
course). From'  the  secord,  we  have  to  study  the  vital  actions 
performed  by  living  beings  and  ihf:  functions  dischaiiged  by  the 
different  parts  of  the  organism.  This  constitutes  the  science 
of  physiology. 

A  third  department  of  zoology  is  concerned  with  the  relations 
of  the  organism  to  the  external  conditions  under  which  it  is 
placed,  constituting  a  division  of  the  science  to  which  the  term 
"  distribution  "  is  applied. 

Morplfolog)',  again,  not  only  treats  of*'"?  stnictiire  of  living 
beings  in  their  fully- developed  condition  (anatomy),  hut   is 
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also  concerned  with  the  changes  through  which  every  hving 
being  has  to  pass  before  it  assumes  its  mature  or  adult  charac- 
ters (embryology  or  development).  The  term  "  histology  "  is 
further  employed  to  designate  tliat  branch  of  morphology  which 
is  specially  occupied  with  the  investigation  of  minute  or  micro- 
scopical tissues. 

Physiology  treats  of  all  the  functions  exercised  by  living 
bodies,  or  by  the  various  definite  parts  or  organs,  of  which 
most  animals  are  composed.  All  these  functions  come  under 
three  heads :— i.  Functions  of  Nutrition,  divisible  into  func- 
tions of  absorption  and  metamorphosis,  comprising  those  func- 
tions which  are  necessary  for  the  growth  and  maintenance  of 
the  organism.  2.  Functions  of  Reproiluction,  whereby  the  per- 
petuation of  the  species  is  secured.  3.  Functions  of  Correlation, 
comprising  all  those  functions  (such  as  sensation  and  voluntary 
motion)  by  which  the  external  world  is  brought  into  relation 
with  the  organism,  and  the  organism  in  turn  reacts  upon  the 
external  world. 

Of  these  three,  the  functions  of  nutrition  and  reproduction 
are  often  collectively  called  the  functions  of  organic  or  vege- 
tative life,  as  being  common  to  animals  and  plants  ;  wliile  tho 
functions  of  correlation  are  called  the  animal  functions,  as 
being  more  especially  characteristic  of,  though  not  peculiar  to, 
animals. 

6.  Differences  between  different  Animals. 

All  the  innumerable  differences  which  subsist  between  dif- 
ferent animals  may  be  classed  imder  two  heads,  corresponding 
to  the  two  aspects  of  every  living  being,  morphological  and 
physiological.  One  animal  differs  from  another  either  morpho- 
hgically,  in  the  fundamental  points  of  its  structure;  or  physio- 
logically, in  the  manner  in  which  the  vital  functions  of  the 
organism  are  discharged.  These  constitute  the  only  modes  in 
which  any  one  animal  can  differ  from  any  other ;  and  they  may 
be  considered  respectively  under  the'^ieads  of  Specialisation  of 
Function  and  Morphological  type. 

a.  Specialisation  of  Function. — All  animals  alike,  whatever 
their  structure  may  be,  perform  the  three  great  physiolc^ical 
flinctions ;  that  is  to  say,  they  all  nourish  themselves,  repro- 
duce their  like,  and  have  certain  relations  with  the  external 
world.  They  differ  from  one  another  physiologically  in  the 
manner  in  which  these  functions  are  performed.  Indeed,  it  is 
only  in  the  fimctions  of  correlation  that  it  is  possible  that  there 
should  be  any  difference  in  the  amount  or  perfection  of  the 
fimction  performed  by  the  organism,  since  nutrition  and  repro- 
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duction,  as  far  as  tJieir  results  are  concerned,  are  essentially  the 
same  in  ail  animals.  In  the  manner,  however,  in  which  the 
same  results  are  brought  about,  great  differences  are  observable 
in  different  animals.  The  nutrition  of  such  a  simple  organism 
as  the  Amosba  is,  indeed,  performed  perfectly,  as  far  as  the 
result  to  the  animal  itself  is  concerned — as  perfectly  as  in  the 
tase  of  the  highest  animal — but  it  is  performed  with  the  simplest 
possible  apparatus.  It  may,  in  fact,  be  said  to  be  performed 
without  any  j/i'rtii/ apparatus,  since  any  part  of  the  surface  of 
the  body  may  be  extemporised  into  a  mouth,  and  there  is  no 
differentiated  alimentary  cavity.  And  not  only  is  the  nutritive 
apparatus  of  the  simplest  character,  but  the  function  itself  is 
equally  simple,  and  is  entirely  divested  of  those  complexities 
and  separations  into  secondary  functions  which  characterise 
the  process  in  the  higher  animals.  It  is  the  same,  too,  with 
the  functions  of  reproduction  and  correlation ;  but  this  point 
will  be  more  clearly  brought  out  if  we  examine  the  method  in 
which  one  of  the  three  primary  functions  is  performed  in  two 
or  three  examples.  Nutrition,  as  the  simplest  of  the  functions, 
will  best  answer  the  purpose. 

In  the  simpler  Protozoa,  such  as  the  Amceba,  the  process  of 
nutrition  consists  essentially  in  the  reception  of  food,  its  di- 
gestion within  the  body,  the  excretion  of  effete  or  indigestible 
matter,  and  the  distribution  of  the  nutritive  fluid  through  the 
body.  The  first  three  portions  of  this  process  arc  effected  with- 
out any  special  organs  for  the  purpose,  and  for  the  last  there  is 
simply  a  rudimentary  contractile  cavity.  Respiration,  if  it  can 
be  said  to  exist  at  all  as  a  distinct  function,  is  simply  effected 
by  the  general  surface  of  the  body. 

In  a  Ccelenterate  animal,  such  as  a  sea-anemone,  the  func- 
tion of  nutrition  has  not  advanced  much  in  complexity,  but 
the  means  for  its  performance  are  somewhat  more  specialised. 
Permanent  organs  of  prehension  (tentacles)  are  present,  there 
is  a  distinct  mouth,  and  there  is  a  persistent  internal  cavity  for 
the  reception  of  the  food ;  but  this  is  not  shut  off  from  the 
general  cavity  of  the  body,  and  there  are  no  distinct  circulatory 
or  respiratory  organs. 

In  a  Mollusc,  such  as  the  oyster,  nutrition  is  a  much  more 
complicated  process.  There  is  a  distinct  mouth,  and  an  ali- 
mentary canal  which  is  shut  off  from  the  general  ca-vity  of  the 
body,  and  is  provided  with  a  separate  aperture  for  the  excre- 
tion of  effete  and  indigestible  matters.  Digestion  is  performed 
by  a  distinct  stomach  with  accessory  glands ;  a  special  contrac- 
tile cavity,  or  heart,  is  provided  for  the  propulsion  of  the  nutri- 
tive products  of  digestion  through  all  parts  of  the  organism. 
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md  the  function  of  respiration  is  performed  by  compJex  organs 
specially  adapted  for  the  purpose. 

It  is  not  necessary  here  to  follow  out  this  comparison 
further.  In  still  higher  animals  the  function  of  nutrition 
becomes  still  further  broken  up  into  secondary  functions,  for 
the  due  performance  of  which  special  organs  are  provided,  the 
complexity  of  the  organism  thus  necessarily  increasing  fori 
tiassu  with  the  complexity  of  the  function.  This  gradual  sub- 
division and  elaboration  is  carried  out  equally  with  the  other 
two  physiological  functions — viz.,  reproduction  and  correlation 
—and  it  constitutes  what  is  technically  called  the  "  specialisa- 
tion of  functions,"  though  it  has  been  more  happily  termed  by 
Milne-Edwards  "  the  principle  of  the  physiological  division  of 
labour,"  It  is  needless,  however,  to  remark  that  in  the  higher 
animals  it  is  the  functions  of  correlation  which  become  most 
highly  specialised — disproportionately  so,  indeed,  when  com- 
pared with  the  development  of  the  nutritive  and  reproductive 
functions, 

h.  Morphological  Type.  —The  first  point  in  which  one 
animal  may  ditfer  from  another  is  the  degree  to  which  the 
principle  of  the  physiological  division  of  labour  is  carried. 
The  second  point  in  which  one  animal  may  differ  from  another 
is  in  its  "  morphological  type ;"  that  is  to  say,  in  the  funda- 
mental plan  upon  which  it  is  constructed.  By  one  not  specially 
acquainted  with  the  subject  it  might  be  readily  imagined  that 
each  species  or  kind  of  animal  was  constructed  upon  a  plan 
peculiar  to  itself  and  not  shared  by  any  other.  This,  how- 
ever, is  far  from  being  the  case ;  and  it  is  now  universally 
recognised  that  all  the  varied  species  of  animals— however 
-great  the  apparent  amount  of  diversity  amongst  them— may  be 
arranged  under  no  more  than  half-a-dozen  primary  morpho- 
logical types  or  plans  of  structure.  Upon  one  or  other  of 
these  five  or  six  plans  every  known  animal,  whether  living  or 
extinct,  is  constructed.  It  follows  from  the  limited  number  of 
primitive  types  or  patterns,  that  great  numbers  of  animals 
must  agree  with  one  another  in  their  morphological  type.  It 
follows  also  that  all  so  agreeing  can  differ  from  one  another 
.only  in  the  sole  remaining  element  of  the  question— namely, 
by  the  amount  of  specialisation  of  function  which  they  exhibit. 
Every  animal,  therefore,  as  Professor  Huxley  has  well  expressed 
it,  is  the  resultant  of  two  tendencies,  the  one  morphological, 
the  other  physiological. 

The  six  types  or  plans  of  structure,  upon  one  or  other  of 
which  all  known  animals  have  been  constructed,  are  techni- 
cally called    "  sub-kingdoms,"  and  are  knoivn  by  the  names 
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Protozoa,  Ccelenterata,  Annuloida,  Annulosa,  Mollusca,  and 
Vertebrata.  We  have,  then,  to  remember  that  every  member 
of  each  of  these  primary  divisions  of  the  animal  kingdom 
agrees  with  every  other  member  of  the  same  division  in  being 
formed  upon  a  certain  definite  plan  or  type  of  structure,  and 
differs  from  every  other  simply  in  the  grade  of  its  organisation, 
or  in  other  words,  in  the  degree  to  which  it  exhibits  specialisa- 
tion of  function. 

V  N  B     r's  Law  of  Development. — As  the  study  of  living 

eir  adult  condition  shows  us  that  the  differences 

hose  wliich  are  constructed  upon  the  same  morpho- 

pe  depend  upon  the  degree  to  which  specialisation 

u        n  is  carried,  so  the  study  of  development  teaches 

h    changes  undei^one  by  any  animal  in  passing  from 

h        b     nic  to  the  mature  condition  are  due  to  the  same 

A     the  members  of  any  given  sub-kingdom,  when 

n  their  earliest  embryonic  condition,  are  found  to 

p  same  fundamental  characters.      As  development 

p  d     however,  they  divei^e  from  one  another  with  greater 

rapidity,  until  the  adults  ultimately  become  more  or 

ss   d  ff     nt,  the  range  of  possible  modification  being  ai> 

p      n  most  illimitable.      The  differences  are  due  to  the 

d  ff  degrees  of  specialisation   of  function  necessary  to 

h    adult ;  and  therefore,  as  Von  Baer  put  it,  the  pro- 

g        f  d   dopment  is  from  the  general  to  the  special. 

I  p  n  a  misconception  of  the  true  import  of  this  law 

h  h  heory  arose,  that  every  animal  in  its  development 
pas  ugh  a  series  of  stages  in  which  it  resembles,  in  turn, 

h  d  fi  nt  inferior  members  of  the  animal  scale.  With 
rej,ard  to  man,  standing  at  the  top  of  the  whole  animal 
kingdom,  this  theory  has  been  expressed  as  follows: — "  Human 
organogenesis  is  a  transitory  comparative  anatomy,  as,  in  its 
turn,  comparative  anatomy  is  a  fixed  and  permanent  state  of 
the  organogenesis  of  man"  (Serres).  In  other  words,  the 
embryo  of  a  Vertebrate  animal  was  believed  to  pass  through  a 
series  of  changes  corresponding  respectively  to  the  permanent 
types  of  the  lower  sub-kingdoms — namely,  the  Protozoa,  Cce- 
lenterata, Annuloida,  Annulosa,  and  Mollusca — before  finally' 
assuming  the  true  vertebrate  characters.  Such,  however,  is 
not  tnily  the  case,  'fjie  ovum  of  every  animal  is  from  the 
first  impressed  with  tJie  power  of  developing  in  one  direction 
only,  and  very  early  exhibits  the  fundamental  characters  proper 
to  its  subrkingdom,  never  presenting  the  structural  peculi- 
arities belonging  to  any  other  morphological  type.  Never- 
theless, the  d.iffcr-ences  which  subsist  between  the  mtn'.bers  of 
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each  sub-kingdom  in  their  adult  condition  arc  truly  referable 
to  the  degree  to  which  development  proceeds,  the  place  oi 
each  individual  in  his  own  sub-kingdom  being  regulated  by  the 
stage  at  which  development  is  arrested.  'I'hus,  many  cases 
are  known  in  which  the  younger  stages  of  a  given  animal 
represent  the  permanent  adult  condition  of  an  animal  some- 
what lower  in  the  scale.  To  give  a  single  example,  tlie  young 
Gasteropod  (amongst  the  Mollusca)  transiently  presents  all  the 
essentia!  characters  which  permanently  distinguish  the  adult 
Pteropod.  The  development  of  the  Gasteropod,  however,  pro- 
ceeds beyond  this  point,  and  the  adult  is  much  more  highly 
specialised  than  is  the  adult  Pteropod. 

7.  HoMOLOGv,  Analogy,  and  Homomorphism. 

When  Cleans  in  different  animals  agree  with  one  another  in 
fundamental  structure,  they  are  said  to  be  "homologous;" 
when  they  perform  the  same  functions  they  are  said  to  be 
"  analogous."  Thus  the  wing  of  a  bird  and  the  arm  of  a  man 
are  constructed  upon  the  same  fundamental  plan,  and  they 
are  therefore  homologous  ot^ans.  They  are  not  analogous, 
however,  since  they  do  not  perform  the  same  function,  the 
one  being  adapted  for  aerial  locomotion,  the  other  being  an 
organ  of  prehension.  On  the  other  hand,  the  wings  of  a  bird 
and  the  wings  of  an  insect  both  serve  for  flight,  and  they  are 
therefore  analogous,  since  they  perform  the  same  function. 
They  are  not  homologous,  however,  as  they  are  constructed 
upon  wholly  dissimilar  plans.  There  are  numerous  cases, 
however,  in  which  organs  correspond  with  one  another*  both 
structurally  and  functionally,  in  which  case  they  are  both 
homologous  and  analogous. 

A  fonn  of  homology  is  often       n  ^1  1      wh    h 

there  exists  a  succession  of  p    ( 
identical  in  structure,  but  are 
ferent  functions.     Thus  a  Cru  t 
may  be  looked  upon  as  being 
rings,  each  of  which  bears  a  p 
dages  being  constructed  upon  tl 
fore  homologous.     They  are,  h 
different  regions  of  the  body  t 

fimctions,  some  being  adapted  f  n  1    rs  f 

ing,  others  for  prehension,  oth       f     n     t  cat   n      d 
This  succession  of  fundamen    liy     n  I      p    t  tl 

animal  constitutes  what  is'  kn     Ti  /  /       I  y 
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in  structure  and  in  function,  tlie  case  becomes  rather  one  of 
what  is  called  "  vegetative  "  or  "  irrelative  repetition."  An  ex- 
cellent instance  of  this  is  seen  in  the  common  Millipede  (lulns). 

Homomorphism. — Many  examples  occur,  both  among  animals 
and  among  plants,  in  which  families  widely  removed  from  one 
another  as  to  their  fundamental  structure,  nevertheless  pre- 
sent _a  singular,  and  sometimes  extremely  close,  resemblance 
in  their  external  characters.  Thus  the  composite  Hydroid 
Polypes  and  the  Polyzoa  are  singularly  like  one  another — 
so  much  so,  that  they  have  often  been  classed  together ; 
whereas,  m  reality,  they  belong  to  different  sub-kingdoms. 
Many  other  cases  of  this  resemblance  of  different  animals 
m^ht  be  adduced,  and  in  many  cases  these  "representative 
forms"  appear  to  be  able  to  fill  each  other's  places  in  the 
general  economy  of  nature.  This  is  so  far  true,  at  any  rate, 
that  "  homomorphous  "  forms  are  generally  found  in  different 
parts  of  the  earth's  surface.  Thus,  the  place  of  the  Cacti 
of  Soutli  America  is  taken  by  the  Euphorbia  of  Africa ;  or, 
to  take  a  zoological  illustration,  many  of  the  different  orders 
of  Mammalia  are  represented  in  tiie  single  order  Marsupialia 
in  Australia,  in  which  country  this  order  has  almost  alone  to 
discharge  the  functions  elsewhere  performed  by  several  orders. 
Many  homomorphous  forms,  however,  live  peacefully  side  by 
side,  and  it  is  difficult  to  say  whether  in  this  case  the  resem- 
blance between  them  is  for  the  advantage  or  for  the  disadvan- 
tage of  either.  In  other  cases  we  find  certain  animals  putting 
on  the  external  cliaracters  of  certain  other  animals,  to  which 
they  may  be  closely  related,  or  from  which  they  may  be  widely 
separated  in  zoological  position.  Such  cases  are  said  to  be  ex- 
amples of  "  mimicry,"  and  such  animals  are  said  to  be  "  mim- 
etic." Excellent  examples  of  this  may  be  found  amongst 
certain  Butterflies,  or  in  the  close  resemblance  of  the  clear- 
winged  Moths  to  Bees  and  Hornets.  In  all  these  cases  it 
appears  that  the  mimetic  species  is  protected  from  some  enemy 
by  its  ontnard  similarity  to  the  form  whithit  mimics  Finally, 
there  are  numerous  cases  m  which  animals  raiinic  certain 
natunl  objects  and  thus  greatly  diminish  their  chances  of 
being  detected  by  the  r  natural  foes  Excellent  instances  of 
this  are  afforded  by  the  insects  known  as  Walking  leaves  {Fhyl- 
lium)  ■and  Walking  sticks  {Phasmidu.),  which  respectively 
present  the  mo";!  singular  resemblance  to  leaves  and  dried 
twigs 

S    LtikLLATiDN  OF  Growth 

This  term  is  employed  by  zoologists  to  express  the  empi- 
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rical  law,  that  certain  structures,  not  necessarily  or  usually 
connected  together  by  any  visible  link,  invariably  occur  in 
association  with  one  another,  and  never  occur  ajiart, — so  far, 
at  any  rate,  as  human  observation  goes. 

Thus,  all  animals  which  possess  two  condyles  on  the  occi- 
pital bone,  and  possess  non-nucleated  red  blood- corpuscles, 
suckle  their  yoang.  Why  an  animal  with  only  one  condyle 
on  its  occipilBl  bone  should  not  suckle  its  young  we  do  not 
know  and  perhaps  we  shall  it  some  future  time  find  mam- 


yp  as  gn      y_  ea 

of  structure,  though  they  are  certamly  m  no  case  accidental. 

3.  The  iaw  is  a  purely  empirical  one.  and  expresses  nothing 
more  than  the  result  of  experience ;  so  that  structures  which 
we  now  only  know  as  occurring  in  association,  may  ultimately 
be  found  dissociated,  and  conjoined  with  other  structures  of  a 
different  character. 

9.  Classification. 

Classification  is  the  arrangement  of  a  number  of  diverse 
objects  into  larger  or  smaller  groups,  according  as  they  ex- 
hibit more  or  less  likeness  to  one  another.  The  excellence  of 
any  given  classification  will  depend  upon  the  nature  of  the 
points  which  are  taken  as  determining  the  resemblance.  Sys- 
tems of  classification,  in  which  the  groups  are  founded  upon 
mere  external  and  superficial  points  of  similarity,  though 
often  useful  in  the  earlier  stages  of  science,  are  always  found 
in  the  long-run  to  be  inaccurate.  It  is  needless,  in  fact,  to 
point  out  that  many  living  beings,  the  structure  of  which  is 
fundamentall}'  different,  may  nevertheless  present  such  an 
amount  of  adaptive  external  resemblance  to  one  another,  that 
they  would  he  grouped  together  In  any  "artificial"  classifi- 
cation.     Thus,  to  take  a  single  example,  the  whale,  by  its 
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externa!  characters,  would  certainly  be  grouped  amongst  tJie 
fishes,  though  widely  removed  from  them  in  all  the  essential 
points  of  its  structure.  "  Natural "  systems  of  classification, 
on  the  other  hand,  endeavour  to  arrange  animals  into  divi- 
sions founded  upon  a  due  consideration  of  ail  the  essential 
and  fundamental  points  of  structure,  wholly  irrespective  of 
external  similarity  of  fonn  and  habits.  Philosophical  classifi- 
cation depends  upon  a  due  appreciation  of  what  constitute 
the  true  points  of  difference  and  likeness  amongst  animals; 
and  we  liave  already  seen  that  these  are  morphological  type 
and  specialisation  of  function.  Philosophical  classification, 
therefore,  is  a  formal  expression  of  the  facts  and  laws  of 
Morphology  and  Physiology.  It  follows  that  the  more  fully 
the  programme  of  a  philosophical  and  strictly  natural  classifi- 
cation can  be  carried  out,  the  more  completely  does  it  aff'ord 
a  condensed  exposition  of  the  fundamental  construction  of  the 
objects  classified.  Thus,  if  the  whale  were  placed  by  an  arti- 
ficial grouping  amongst  the  fishes,  this  would  simply  express 
the  facts  that  its  habits  are  aquatic  and  its  body  fish-like. 
When,  on  the  contrary,  we  obtain  a  natural  classification,  and 
we  learn  that  the  whale  is  placed  amongst  the  Mammalia,  >ve 
then  know  at  once  that  the  young  whale  is  born  in  a  compa- 
ratively helpless  condition,  and  that  its  mother  is  provided 
with  special  mammary  glands  for  its  support ;  this  expressing 
a  fund!amental  distinction  from  all  fishes,  and  being  associated 
with  other  equally  essential  correlations  of  structure. 

The  entire  animal  kingdom  is  primarily  divided  into  some 
half-a-dozen  great  plans  of  structure,  the  divisions  thus  formed 
being  called  "  sub-kingdoms,"  The  sub-kingdoms  are,  in  turn, 
broken  up  into  classes,  classes  into  orders,  orders  into  famDies, 
families  into  genera,  and  genera  into  species.  We  shall  examine 
these  successively,  commencing  with  the  consideration  of  a 
species,  since  this  is  the  zoological  unit  of  which  the  larger 
divisions  are  made  up. 

Species. — No  term  is  more  difficult  to  define  than  "  species," 
and  on  no  point  are  zoologists  more  divided  than  as  to  what 
should  be  understood  by  this  word.  Naturalists,  in  fact,  are 
not  yet  agreed  as  to  whether  the  term  species  expresses  a  real 
md  permanent  distinction,  or  whether  it  is  to  be  regarded 
merely  as  a  convenient,  but  not  immutable,  abstraction,  the 
employment  of  which  is  necessitated  by  the  requirements  of 
classification. 

By  Buffon,  "  species"  is  defined  as  "  a  constant  succession  of 
individuals*  similar  to  and  capable  of  reproducing  each  other." 
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De  CaiidoHe  defines  species  as  an  assemblage  of  all  those 
individuals  which  resemhle  each  other  more  than  they  do 
others,  and  are  able  to  reproduce  their  like,  doing  so  by  the 
generative  process,  and  in  such  a  manner  that  they  may  be 
supposed  by  analogy  to  have  all  descended  from  a  single  being 
or  a  single  pair. 

M.  de  Quatrefages  defines  species  as  "  an  assemblage  of 
individuals,  more  or  less  resembling  one  another,  which  are  de- 
scended, or  may  be  regarded  as  being  descended,  from  a  single 
primitive  pair  by  an  aninterrapted  succession  of  famihes." 

Muller  defines  species  as  "a  living  form,  represented  by  in- 
dividual beings,  which  reappears  in  the  product  of  generation 
with  certain  invariable  characters,  and  is  constantly  repro- 
duced by  the  generative  act  of  similar  individuals." 

According  to  Woodward,  "  all  the  specimens,  or  individuals, 
which  are  so  much  alike  that  we  may  reasonably  believe  them 
to  have  descended  from  a  common  stock,  constitute  a  species." 

From  the  above  definitions  it  will  be  at  once  evident  that 
there  are  two  leading  ideas  in  the  minds  of  zoologists  when 
they  employ  the  term  species ;  one  of  these  being  a  certain 
amount  of  resemblance  between  individuals,  and  the  other 
being  the  proof  that  the  individuals  so  resembling  each  other 
have  descended  from  a  single  pair,  or  from  pairs  exactly  simi- 
hr  to  one  another  The  characters  in  which  individuals  must 
re&emble  one  another  in  order  to  entitle  them  to  be  grouped 
m  a  separate  species,  according  to  Agassiz,  "  are  only  those 
dttcrmmmg  size,  proportion,  colour,  habits,  and  relations  to 
surrounding  circumstances  and  external  objects." 

On  a  closer  examination,  however,  it  will  be  found  that 
these  tKO  leading  ideas  in  the  definition  of  species — external 
resemblance  and  community  of  descent — are  both  defective, 
and  liable  to  break  down  if  rigidly  applied.  Thus,  there  are 
in  nature  no  assemblages  of  plants  or  animals,  usually  grouped 
tc^ether  into  a  single  species,  the  individuals  of  which  exactly 
resemble  one  another  in  every  point  Fvery  naturalist  is 
compelled  to  admit  that,  the  mdividuals  which  compose  an) 
so-called  species,  whether  of  plants  or  animals,  differ  from 
one  another  to  a  greater  or  less  extent,  and  m  respects  nhich 
may  be  regarded  as  more  or  less  important  The  existence 
of  such  individual  differences  is  attested  by  the  universal 
employment  of  the  terms  "varieties"  and  "races."  Thus  a 
"variety"  comprises  ail  those  individuals  which  possess  some 

"  zoological  individual"  i 
ipvelopment  of  a  single 
ensth. 
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distiEctive  peculiarity  in  common,  but  do  not  differ  in  other 
respects  from  another  set  of  individuals  sufficiently  to  entitle 
them  to  take  rank  as  a  separate  species.  A  "  race,"  again,  is 
simply  a  permanent  or  "  perpetuated"  variety.  The  question, 
however,  is  this — How  lar  may  these  differences  amongst  in- 
dividuals obtain  without  necessitating  their  being  placed  in  a 
separate  species?  In  other  words  ;  How  great  is  the  amount 
of  individual  difference  which  is  to  be  considered  as  merely 
"  varietal"  and  at  what  exact  point  do  these  differences  become 
of  "  specific"  value  ?  To  this  question  no  answer  can  be  given, 
since  it  depends  entirely  upon  the  weight  which  different 
naturalists  would  attach  to  any  gVen  individual  difference. ■* 
Distinctions  which  appear  to  one  observer  as  sufficiently  great 
to  entitle  the  mdividuals  posseasmg  tiiem  to  be  groupeil  as  a 
distinct  species,  by  another  ire  looked  upon  as  simply  of 
varietal  value,  and,  in  the  nature  of  the  case,  it  seems  impos 
sible  to  lay  down  any  definite  rules  To  such  an  extent  do 
individual  differences  sometimes  exist  in  particular  genera — 
termed  "protein"  or  "polymorphic'  genera — that  the  deter 
mination  of  the  different  species  and  varieties  becomes  in 
almost  hopeless  task 

Besides  the  individual  differences  which  ordinarily  occur 
in  all  species,  other  cases  oi,cur  in  which  a  species  consists 
normally  and  regularly  of  two  or  even  three  distmct  forms, 
which  cannot  be  said  to  be  mere  vaneties,  since  no  inter 
mediate  forms  cin  be  discovered  When  two  such  distinct 
forms  exist  the  species  is  said  to  be  "  dimorphic, '  and  when 

h  are  p  nt,  is  called  "  tnmorphic"  Thus,  in  dimorphic 
[1  nts  a      ngle    pecies  is  composed  of  two   distmct  forms, 

m  la  o        nother  in  all  respects  evcept  in  their  repro- 

d  g  n       he  one  form  having  a  long  pistd  and  short 

m  n  h  la  short  pistil  with  long  stamens  In  tri 
mo  ph     pi  h    species  is  composed  of  three  such  distinct 

forms,  which  differ  in  like  manner  m  the  confonnation  of  their 
reproductive  oi^ins,  though  they  are  otherwise  undistmguish 
able. — (Darwin  )  Similar  cases  are  known  in  animals,  but  in 
them  the  ditterences,  though  apparently  connected  with  repro- 
duction, are  not  confined  to  tiie  reproductive  organs.  Thus 
the  females  of  certain  butterflies  normally  appear  under  two  or 
three  entirely  different  forms,  not  connected  by  any  intermediate 
links;  and  the  same  tiling  occurs  in  some  of  the  Crustacea. 

*  As  «n  example  of  this,  it  is  sufficient  to  allude  to  the  fact  that  hardly 
any  two  bolanists  agree  as  to  tlie  number  of  species  of  Willows  and  Krain- 
btes  in  the  British  Isles.  What  one  oljscrver  classes  as  mere  varieties, 
another  re!;avds  as  gowl  and  distinct  species. 
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As  regards,  therefore,  tlie  first  point  in  the  definition  of 
species — namely,  the  external  resemblance  of  assemblages  of 
individuals — we  are  forced  to  conclude  that  no  two  individuals 
are  exactly  alike;  and  that  the  amount  and  kind  of  external 
resemblance  which  constitutes  a  species  is  not  a  precise  and 
invariable  quantity,  but  depends  upon  the  value  attached  to 
particular  characters  by  any  given  observer. 

The  second  point  in  the  definition  of  species — namely,  com- 
munity of  descent — is  hardly  in  a  more  satisfactory  condition, 
since  the  descent  of  any  given  series  of  individuals  from  a 
single  pair,  or  from  pairs  exactly  similar  to  one  another,  is  at 
best  but  a  probability,  and  is  in  no  case  capable  of  proof.  In 
the  case  of  the  higher  animals  it  can  doubtless  be  shown  that 
certain  assemblages  of  individuals  possess  amongst  themselves 
the  power  of  fecundation  and  of  producing  fertile  progeny, 
and  that  this  power  does  not  extend  to  the  fecundation  oi  in- 
dividuals belonging  to  another  different  assemblage.  Amongst 
the  higher  animals,  "crosses"  or  "hybrids"  can  only  be  pro- 
duced between  closely -allied  species,  and  when  produced 
they  are  sterile,  and  are  not  capable  of  reproducing  their  like. 
In  these  cases,  therefore,  we  may  take  this  as  a  most  satis- 
factory element  in  the  definition  of  "  species."  The  sterility, 
however,  of  hybrids  is  not  universal,  even  amongst  the  higher 
animals ;  and  amongst  plants  no  doubt  can  be  entertained  but 
that  the  individuals  of  species  universally  admitted  to  be  dis- 
tinct are  capable  of  mutual  fertilisation ;  the  hybrid  progeny 
thus  produced  being  likewise  fertile,  and  capable  of  reproduc- 
ing similar  individuals-  That  this  fertility  is  often  irregular, 
and  may  be  destroyed  in  a  few  generations,  admits  of  explana- 
tion, and  hardly  alters  the  significance  of  these  undoubted  facts. 

Upon  the  whole,  then,  it  seems  in  the  meanwhile  safest  to 
adopt  a  definition  of  species  which  implies  no  theory,  and 
does  not  include  the  belief  that  the  term  necessarily  expresses 
a  fixed  and  permanent  quantity.  Species,  therefore,  may  be 
defined  as  an  assemblage  of  individuals  which  resanbk  each  other 
in  their  essential  characters,  are  able,  directly  or  indirectly,  to  frO' 
duce  fertile  individuals,  and  which  do  not  {as  far  as  human  ob- 
servation goes)  gtte  rise  to  tndi  iduals  which  va  y  f  il 
general  type  throuji  more  tJian  certain  definits  limit  Ihe  p  o 
duction  of  occasional  monstrosities  does  not,  of  ou  e  m 
validate  this  definition 

Gemis  is  a  term  1]  ]  lied  to  groups  of  species  wl  1  1  o  sess 
a  community  of  essential  details  ot  structure,  A  g  u  n  ay 
include  a  single  species  only  in  cases  where  the  onbna  on 
of  characters  nh  ch  miUe  up  the  %\  ec  es  are  so  p    ul       tl  at 
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no  other  species  exhibits  similar  structural  characters ;  or,  on 
the  other  hand,  it  may  contain  many  hundreds  of  species. 

Families  aie  groups  of  genera  whicH  agree  in  their  general 
characters.  According  to  Agassiz,  they  are  divisions  founded 
upon  peculiarities  of  "  forn)  as  determined  by  structure." 

Orders  are  groups  of  families  related  to  one  another  by 
structural  characters  common  to  all. 

Classes  are  larger  divisions,  comprising  animals  which  are" 
formed  upon  the  same  fundamental  plan  of  structure,  but  dififer 
in  the  method  in  which  the  plan  is  executed  (Agassiz). 

Sub-kingdoms  are  the  primary  divisions  of  the  animal  king- 
dom,, which  include  all  those  animals  which  are  formed  upon 
the  same  structural  or  morphological  type,  irrespective  of  tlie 
degree  to  which  specialisation  of  function  may  be  carried. 

Impossibility  of  a  Linear  Classifii:atu>n. — It  has  sometimes 
been  thought  that  the  animal  kingdom  can  be  arranged  in  a 
linear  series,  every  member  of  the  series  being  higher  in  point 
of  oi^anisation  than  the  one  below  it.  As  we  have  seen,  how- 
ever, the  status  of  any  giv?n  animal  depends  upon  two  condi- 
tions—one its  morphological  type,  the  other  the  degree  to 
which  specialisation  of  function  is  carried.  Now,  if  we  take 
two  animals,  one  of  which  belongs  to  a  lower  morphological 
type  than  the  other,  no  degree  of  specialisation  of  function, 
however  great,  will  place  the  former  above  the  latter,  as  far  as 
its  type  of  structure  is  concerned,  though  it  may  make  the 
former  a  more  highly  organised  animai  Every  Vertebrate 
animal,  for  example,  belongs  to  a  higher  morphological  type 
than  every  Mollusc ;  but  the  higher  Molluscs,  such  as  cuttle- 
fishes, are  much  more  highly  organised,  as  far  as  their  type  is 
concerned,  than  are  the  lowest  Vertebrata.  In  a  linear  classi- 
fication, therefore,  the  cuttle-fishes  should  be  placed  above  the 
lowest  fishes — such  as  the  lancelet — in  spite  of  the  fact  that 
the  type  upon  which  the  latter  are  constructed  is  by  far  the 
highest  of  the  two. 

It  is  obvious,  therefore,  that  a  linear  classification  is  not 
possible,  since  the  higher  members  of  each  sub-kingdom  are 
more  highly  organised  than  the  lower  forms  of  the  next  swb- 
kingdom  in  the  series,  at  the  same  time  that  they  are  con- 
structed upon  a  lower  morphological  type. 

lo.  Reprod.Uction. 

Reproduction  is  the  process  whereby  new  individuals  ate 
generated  and  the  perpetuation  of- the  species  insured.  The 
methods  in  which  this  end   may  be  attained  exhibit  a  good 
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deal  of  diversity,  but  they  may  be  all  considered  under  two 

I,  Sexual  Reproduction.  ■ —  This  consists  essentially  in  the 
production  of  two  distinct  elements,  a  germ-cell  or  ovum,  and 
a  sperm-cell  or  spermatozoid,  by  the  contact  of  which  the 
ovum^now  said  to  be  "  fecundated  " — is  enabled  to  develop 
itself  into  a  new  individual.  As  a  rule,  the  germ-cell  is  pro- 
duced by  one  individual  (female)  and  the  spermatic  element 
by  another  (male) ;  in  which  case  the  sexes  are  said  to  be  dis- 
tinct, and  the  species  is  said  to  be  "dicecious."  In  other 
cases  the  same  individual  has  the  power  of  producing  both  the 
essential  elements  of  reproduction ;  in  which  case  the  sexes 
are  said  to  be  united,  and  the  individual  is  said  to  be  "  her- 
maphrodite," "  androgynous,"  or  "  moncecious."  In  the  case 
of  hermaphrodite  animals,  however,  self-fecundation— contrary 
to  what  might  have  been  expected — rarely  constitutes  the  re- 
productive process ;  and,  as  a  rule,  the  reciprocal  union  of  two 
such  individuals  is  necessary  for  the  production  of  young. 
Even  amongst  hermaphrodite  plants,  where  self-fecundation 
may,  and  certainly  does,  occur,  provisions  seem  to  exist  by 
which  perpetual  self-fertilisation  is  prevented,  and  the  influence 
of  another  individual  secured  at  intervals.  Amongst  the 
higher  animals  sexual  reproduction  is  the  only  process  whereby 
new  individuals  can  be  generated. 

II.  Nonsexual  Reproduction.— kxn<m%%X  the  lower  animals 
fresh  beings  may  be  produced  without  the  contact  of  an  ovum 
and  a  spermatozoid  ;  that  is  to  say,  without  any  true  generative 
act.  The  processes  by  which  this  is  effected  vary  in  different 
animals,  and  are  all  spoken  of  as  forma  of  "  asexual "  or 
"  agamic  "  reproduction.  As  we  shall  see,  however,  the  true 
"  individual "  is  very  rarely  produced  otherwise  than  sexually, 
and  most  forms  of  agamic  reproduction  are  really  modifica- 
tions of  growth, 

a.  Gemmatien  and  Fission. — Gemmation,  or  budding,  con- 
sists in  the  production  of  a  bud,  or  buds,  generally  from  the 
exterior,  but  sometimes  from  the  interior,  of  the  body  of  an 
animal,  which  buds  are  developed  into  independent  beings, 
which  may  or  may  not  remain  permanently  attached  to  the 
parent  organism.  Fission  differs  from  gemmation  solely  in 
the  fact  that  tlie  new  structures  in  the  former  case  are  pro- 
duced by  a  division  of  the  body  of  the  original  organism  into 
separate  parts,  which  may  remain  in  connection,  or  may  under- 
go detachment. 

The  simplest  form  of  gemmation,  perhaps,  is  seen  in  the 
power  possessed  by  certain  animals  of  reproducing  parts  of 
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their  bodies  which  they  may  have  lost  Thus,  the  Crustacea 
possess  the  power  of  reproducing  a  lost  Hmb,  by  means  of  a 
bud  which  is  gradually  developed  till  it  assumes  the  form  and 
takes  the  place  of  the  missing  member.  In  these  cases,  how- 
ever, the  process  is  not  in  any  way  generative,  and  the  pro- 
duct of  gemmation  can  in  no  sense  be  spoken  of  as  a  distinct 
being  (or  zoiiid). 

Another  form  of  gemmation  may  be  exemplified  by  what 
takes  place  in  the  Foraminifera,  on^  of  the  classes  of  the 
Protozoa.  The  primitive  form  of  a  Foraminifer  is  simply  a 
little  sphere  of  sarcode,  which  has  the  power  of  secreting  from 
its  outer  surface  a  calcareous  envelope;  and  this  condition 
may  be  permanently  retained  {as  in  Lagena).  In  other  cases 
a  process  of  budding  or  gemmation  takes  place,  and  the  prim- 
itive mass  of  sarcode  produces  from  itself,  on  one  side,  a 
second  mass  exactly  similar  to  the  first,  which  does  not  detach 
itself  from  its  parent,  but  remains  permanently  connected  with 
it.  This  second  mass  repeats  the  process  of  gemmation  as 
before,  and  this  goes  on— all  the  segments  remaining  attached 
to  one  another  —  until  k  body  is  produced,  which  consists  of 
a  number  of  little  spheres  of  sarcode  in  organic  connection 
with  one  another,  and  surrounded  by  a  shell,  often  of  the 
most  complicated  description.  In  this  case,  however,  the 
buds  produced  by  the  primitive  spherule  are  not  only  not 
detached,  but  they  can  only  remotely  be  regarded  as  independ- 
ent beings.  They  are,  in  all  respects,  identical  with  .the  prim- 
ordial segment,  and  it  is  rather  a  case  of  "  vegetative  "  repeti- 
tion of  similar  parts. 

Another  form  of  gemmation  is  exhibited  in  such  an  organ- 
ism as  the  common  sea-mat  (Flustra),  which  is  a  composite 
organism  composed  of  a  multitude  of  similar  beings,  each  of 
which  inhabits  a  little  chamber,  or  cell ;  the  whole  forming  a 
structure  not  unlike  a  sea-weed  in  appearance.  This  colony  is 
produced  by  gemmation  from  a  single  primitive  being  ("  poly- 
pide"),  which  throws  out  buds,  each  of  which  repeats  ^e  pro- 
cess, apparently  almost  indefinitely.  All  the  buds  remain  in 
contact  and  connected  with  one  another,  but  each  is,  neverthe- 
less, a  distinct  and  independent  beii^,  capable  of  performing 
all  the  functions  of  life.  In  this  case,  therefore,  each  one  of 
the  innumerable  buds  becomes  an  independent  being,  similar 
to,  though  not  detached  from,  the  organism  which  gave  it 
birth.  This  is  an  instance  of  what  is  called  "  continuous  gem- 
mation." 

In  other  cases — as  in  the  common  fresh-water  polype  or 
Hydra — the  buds  which  are  thrown  out  by  the  primitive  or- 
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ganism  become  developed  into  creatures  exactly  resembling 
the  parent,  but,  instead  of  remaining  permanently  attached, 
and  thus  giving  rise  to  a  compound  organism,  they  are  de- 
tached to  lead  an  entirely  independent  existence.  This  is  a 
simple  instance  of  what  is  termed  "discontinuous  gemmatioa" 

The  method  and  results  of  fission  may  be  regarded  as  essen- 
tially the  same  as  in  the  case  of  gemmation.  The  products  of 
the  division  of  the  body  of  the  primitive  organism  may  either 
remain  undetached,  when  they  will  give  rise  to  a  composite 
structure  (as  in  many  corals),  or  they  may  be  thrown  off  and 
live  an  independent  existence  (as  in  some  of  the  Hydrozoa). 

We  are  now  in  a  position  to  understand  what  is  meant, 
strictly  speaking,  by  the  term  "  individual."  In  zoological  lan- 
guage, an  individual  is  defined  as  "  eqiiai  to  the  total  result  of 
the  development  of  a  single  ovum."  Amongst  the  higher  animals 
there  is  no  difficulty  about  this,  for  each  ovum  gives  rise  to  no 
more  than  one  single  being,  which  is  incapable  of  repeating  it- 
self in  any  other  way  than  by  the  production  of  another  ovum  ; 
so  that  an  individual  is  a  single  animal.  It  is  most  import- 
ant, however,  to  comprehend  that  this  is  not  necessarily  or 
always  the  case.  In  such  an  organism  as  the  sea-mat,  the 
ovum  gives  rise  to  a  primitive  polypide,  which  repeats  itself  by 
a  process  of  continuous  gemmation  until  an  entire  colony  is 
produced,  each  member  of  which  is  independent  of  its  fellows, 
and  is  capable  of  producing  ova.  In  such  a  case,  therefore, 
the  term  "individual"  must  be  applied  to  the  entire  colony, 
since  this  is  the  result  of  the  development  of  a  single  ovum. 
The  separate  beings  which  compose  the  colony  are  technically 
called  "  zooids."  In  like  manner  the  Hydra,  which  produces 
fresh  and  independent  Hydr£e  by  discontinuous  gemmation,  is 
not  an  "  individual,"  but  is  a  zooid.  Here  the  zooids  are  not 
permanently  united  to  one  another,  and  the  "individual"  Hydra 
consists  really  of  the  primitive  Hydra,  plus  all  the  detached 
Hydne  to  which  it  gave  rise.  lu  this  case,  therefore,  the  "indi- 
vidual "  is  composed  of  a  number  of  disconnected  and  wholly 
independent  beings,  all  of  which  are  the  result  of  the  develop- 
ment of  a  single  ovum.  It  is  to  be  remembered  that  both  the 
parent  zooid  and  the  "  produced  zooids  "  are  capable  of  giving 
rise  to  fresh  Hj-drae  by  a  true  generative  process.  It  must 
also  be  borne  in  mind  that  this  production  of  fresh  zooids  by  a 
process  of  gemmation  is  not  so  essentially  different  to  the  true 
sexual  process  of  reproduction  as  might  at  first  sight  appear, 
since  the  ovum  itself  may  be  regarded  merely  as  a  highly  spe- 
cialised bud.  In  the  Hydra,  in  fact,  where  the  ovum  is  pro- 
duced as  an  external  process  of  tlie  wall  of  the  body,  this  like- 
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ness  is  extremely  striking.  The  ovarian  bud,  however,  differs 
from  the  true  gemmae  or  buds  in  its  inability  to  develop  itself 
into  an  independent  organism,  unless  previously  brought  into 
contact  with  another  special  generative  element.  The  only 
exceptions  to  this  statement  are  in  the  rare  cases  of  true  "  par- 
thenogenesis," to  be  subsequently  alluded  to. 

b.  Reproduction  by  Inta-nal  Gemmaiion. — Before  considering 
the  phenomena  of  "  alternate  generations,"  it  will  be  as  well  to 
glance  for  a  moment  at  a  peculiar  form  of  gemmation  exhi- 
bited by  some  of  the  Polyzoa,  which  is  in  some  respects  in- 
termediate between  ordinary  discontinuous  ^gemmation  and 
alternation  of  generations.  These  organisms  are  nearly  allied 
to  the  sea-mat,  already  spoken  of,  and,  like  it,  can  reproduce 
themselves  by  continuous  gemmation  (forming  colonies),  by  a 
true  sexual  process,  and  rarely  by  fission.  In  addition  to  all 
these  methods  they  can  reproduce  themselves  by  the  formation 
of  peculiar  internal  buds,  which  are  called  "statoblasts."  These 
buds  are  developed  upon  a  peculiar  cord,  which  crosses  the 
body-cavity,  and  is  attached  at  one  end  to  the  fundus  of  the 
stomach.  When  mature  they  drop  off  from  this  cord,  and  lie 
loose  in  the  cavity  of  the  body,  whence  they  are  liberated  on 
the  death  of  the  parent  ot^anism.  When  thus  liberated,  the 
statoblast,  after  a  longer  or  shorter  period,  ruptures  and  gives 
exit  to  a  young  Polyzoon,  which  has  essentially  the  same 
structure  as  the  adult.  It  is,  however,  simple,  and  has  to 
undergo  a  process  of  continuous  gemmation  before  it  can 
assume  the  compound  form  proper  to  the  adult. 

As  regards  the  nature  of  these  singular  bodies,  "  the  in- 
variable absence  of  germinal  vesicle  and  germinal  spot,  and 
their  never  exhibiting  the  phenomena  of  yelk-cleavage,  inde- 
pendently of  the  conclusive  fact  that  true  ova  and  ovary  occur 
elsewhere  in  the  same  individual,  are  quite  decisive  against 
their  being  eggs.  We  must  then  look  upon  them  as  gemmm 
peculiarly  encysted,  and  destined  to  remain  for  a  period  in  a 
quiescent  or  pupa-like  state," — (AUman.) 

c.  Alternation  of  Generations.— la  the  case  of  die  Hydra  and 
the  sea-mat,  which  we  have  considered  above,  fresh  zooids 
are  produced  by  a  primordial  organism  by  gemmation ;  the 
beings  thus  produced  (as  well  as  the  parent)  being  capable 
not  only  of  repeating  the  gemmiparous  process,  but  also  of 
producing  new  individuals  by  a  true  generative  act.  We 
have  now  to  consider  a  much  more  complex  series  of  pheno- 
mena, in  which  the  organism  which  is  developed  from  the 
primitive  ovum  produces  by  gemmation  two  sets  of  zooids,  one 
of  which  is  destitute  of  sexual  ot^ans,  and  is  capable  of  per- 
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forming  no  other  function  than  that  of  nutrition,  whilst  the 
other  is  provided  with  reproductive  organs,  and  is  destined 
for  the  perpetuation  of  the  species.  In  the  former  case  the 
produced  zooids  all  resembled  each  other,  and  the  parent 
organism  which  gave  rise  to  them  ;  in  the  latter  case,  the  pro- 
duced zooids  are  often  utterly  unlike  each  other  and  unlike  the 
parent,  since  their  functions  are  entirely  different. 

The  simplest  form  of  the  process  is  seen  in  certain  of  the 
Hydroid  Polypes,  such  as  Sertulaiia,  The  ovum  of  Sertu- 
laria  is  a  free-swimming  ciliated  body,  which,  after  a  short 
locomotive  existence,  attaches  itself  to  some  submarine  object, 
develops  a  mouth  and  tentacles,  and  commences  to  pro- 
duce zooids  like  itselt  b)  a  process  of  contmuous  gemmation 
These  remam  permanently  attached  to  one  another  witli  the 
result  that  a  compound  organism  is  produced  consisting  of  a 
number  of  zooids,  or  '  polypites  oiganically  connected  to- 
gether but  enjoying  an  independent  e^tistence  None  of  the 
zooids  ho»e\er  are  provided  with  sexual  organs,  and  though 
there  is  theoretically  no  limit  to  the  size  which  the  colony  may 
reach  by  gemmation  its  buds  are  not  detached  and  the 
species  would  therefore  die  out  unless  some  special  proMsion 
were  made  for  its  preservation  Besides  these  nutnt  ve 
zooids  however,  other  buds  are  jroduced  which  ditter  con 
sideriblj  in  appearance  from  the  former  and  which  have  the 
power  of  generating  the  essential  elements  of  reproduction 
Ihese  generative  zooids  denve  their  nourishment  from  the 
materials  collected  by  the  nutritive  zooids  but  onlj  live  until 
the  o\a  are  matured  m  their  intenor  and  liberated  when 
they  disappear  The  ova  thus  produced  become  free  swim 
inmg  Ciliated  bodie'j    such  as  the  one  with  which  the  cjcle 

In  this  case  therefore  the  indi\idui.l  Sertularia  wn 
sists  of  a  series  ol   nutritive  zooids    collectively  called   the 

trophosome  and  another  senes  of  reproductive  zooids  col 
lectnely  called  the  gonosome  the  entir  scries  often  remain 
mg  in  organic  connection 

In  other  forms  nearly  allied  to  Serliilaria  (such  as  Coryne) 
the  process  advances  a  step  further  Ii  Corjnethe  genera 
ive  buds  or  zooids  do  not  ]  reduce  the  reproductive  ele 
ments  as  long  as  they  remain  attached  to  the  parent  colony 
but  they  require  a  preliminary  period  of  independent  e\ist 
ence  For  this  puqDose  they  are  specially  organised  and 
when  sufficiently  matured  they  are  detached  from  the 
stationary  colony  The  generative  zooid  now  appears  as  an 
entirely  independent  1  ei  i"    lescnbed  as  a  sj  ecies  of  jelly  fish 
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(or  Medusa)  under  the  name  of  Sarsia.  It  consists  of  a,  bell- 
shaped  disc,  by  means  of  which  it  is  enabled  to  swim  freely; 
from  the  centre  of  this  disc  depends  a  nutritive  process,  with 
a  mouth  and  digestive  cavity,  whereby  the  oiganism  is  able  to 
increase , considerably  in  size.  The  substance  of  the  disc  is 
penetrated  by  a  complex  system  of  canals,  and  from  its  margin 
hangs  a  series  of  tentacular  processes.  After  a  period  of  inde- 
pendent locomotive  existence,  the  Medusa  attains  its  full 
growth,  when  it  develops  ova  and  spermatozoa.  By  the  con- 
tact of  these  embryos  ale  produced;  but  these,  mstead  of 
resembling  the  jelly-fish  by  which  they  were  immediately  gene- 
rated, proceed  to  develop  themselves  into  the  fixed  Hydroid 
colony  by  which  the  Medusa  was  originally  produced. 

Still  more  extraordinary  phenomena  have  been  discovered 
in  other  Hydrozoa,  as  in  many  of  the  I.ucemarida.  In 
these  the  ovum  gives  rise  (as  in  Sertularia)  to  a  locomotive 
ciliated  body,  which  ultimately  fixes  itself,  becomes  trumpet- 
shaped,  and  develops  a  mouth  and  tentacles  at  its  expanded 
estremity,  when  it  is  known  as  the  "hydra-tuba,"  from  its 
resemblance  to  the  fresh-water  polype,  or  Hydra.  The  hydra- 
tuba  has  the  power  of  multiplying  itself  by  gemmation,  and 
it  can  produce  large  colonies  in  this  way  ;  but  it  does  not 
obtain  the  power  of  generating  the  essential  elements  of 
reproduction.  Under  certain  circumstances,  however,  the 
hydra-tuba  enlarges,  and,  after  a  series  of  preliminary  changes, 
divides  by  transverse  fission  into  a  number  of  segments,  each 
of  which  becomes  detached  and  swims  away.  These  liberated 
segments  of  the  little  hydra-tuba  (it  is  about  half  an  inch  in 
height)  now  live  as  entirely  independent  beings,  which  were 
described,  by  naturalists  as  distinct  animals,  and  were  called 
Ephyrte.  They  are  provided  with  a  swimming  -  bell,  or 
"  umbrella,"  by  means  of  which  they  propel  themselves  through 
the  water,  and  with  a  mouth  and  digestive  cavity.  They 
now  lead  an  active  life,  feeding  eagerly,  and  attaining  in  some 
instances  a  perfectly  astonishing  size  (the  Medusoids  of  some 
species  are  several  feet  in  circumference).  After  a  while 
they  develop  the  essential  elements  of  reproduction,  and 
after  the  fecundation  and  liberation  of  their  ova  they  die. 
The  ova,  however,  are  not  developed  into  the  free-swimming 
and  comparatively  gigantic  jelly-fish  by  which  they  were 
immediately  produced,  but  into  the  mimite,  fixed,  sexless 
hydra-tuba. 

We  thus  see  that  a  small,  sexless  zoiJid,  which  is  capable  of 
multiplying  itself  by  gemmation,  produces  by  fission  several 
independent  locomotive  beings,  which  are  capable  of  nourifih- 
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ing  themselves  and  of  performing  all  the  functions  of  life.  In 
these  are  produced  generative  elements,  which  give  rise  by 
their  development  to  the  little  fixed  creature  with  which  the 
series  began. 

To  the  group  of  phenomena  of  which  the  above  are  examples, 
the  name  "  alternation  of  generations  was  applied  by  Steen- 
strup ;  but  the  name  is  not  an  appropr  ate  one,  since  the 
process  is  truly  an  alttmation  of  generation  with  gemmation 
or  fission.  The  only  genentive  act  tikes  place  in  the  repro- 
ductive zooid  and  the  production  of  this  Itom  the  nutritive 
zoijid  is  a  process  of  gemmation  or  fission  ajid  not  a  pro- 
cess of  generation.  The  individual,  in  fact,  in  -ill  these 
cases,  must  be  looked  upon  as  a  double  being  composed  of  two 
factors,  both  of  which  lead  more  or  less  completely  inde- 
pendent lives,  the  one  being  devoted  to  nutrition,  the  other  to 
reproduction.  The  generative  being,  however,  is  in  many 
cases  not  at  first  able  to  mature  the  sexual  elements,  and  is 
therefore  provided  with  the  means  necessary  for  its  growth 
and  nourishment  as  an  independent  organism.  It  must  also 
be  remembered  that  the  nutritive  half  of  the  "  individual "  is 
usually,  and  the  generative  half  sometimes,  compound — that  is 
to  say,  composed  of  a  number  of  zooids  produced  by  con- 
tinuous gemmation ;  so  that  the  zoological  individual  in  these 
cases  becomes  an  extremely  complex  being. 

These  phenomena  of  so-called  "alternation  of  generations," 
or  "  metagenesis,"  occur  in  their  most  striking  form  amongst 
the  Hydrozoa  ;  but  they  occur  also  amongst  many  of  the  intes- 
tinal worms  (Entozoa),  and  amongst  some  of  the  Tunicata 
(Molluscoida). 

d.  Parihenogmesis. — "Parthenogenesis"  is  the  term  employed 

d     gn  rta  f^l  r  phenomena,   resulting  in    the 

id  f  d     d     Is  by  virgin  females  without  tlie 

rv  f  1        By  Professor  Owen,  who  first  em- 

pl  J  d     1  p     h       f,enesis  is    applied    also    to    the 

f  g  mm  d  fission,  as  exhibited,  in  sexless 

b  g      f  m  I         but  it  seems  best  to  consider 

h       pi    n  m  p         ly    Strictly,  the  terra  parthenogenesis 

gh  b  fi     d  he  production  of  new  individuals 

D  g  f  1  by  m  ns  of  ova,  which  are  enabled  to 
d      1  p    h  h         he  contact  of  the  male  element. 

hdflily         h     dfin      nis  found  in  framing  an  exact 

d  fi  m        h  as  will  distinguish  it  from  an  in- 

1  g  1"  d     N     body,  however,  should  be  called 

h    h   d  exhibit  a  germinal  vesicle  and 

rm      1    f  i  h  d  es  not  exhibit  the  pher 
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known  as  segmentation  of  the  yelk.  Moreover,  ova  are  almost 
invariably  produced  by  a  special  organ,  or  ovary. 

As  examples  of  parthenogenesis  we  may  take  what  occurs  in 
plant-lice  (Aphides)  and  in  the  honey-bee  j  but  it  will  be  seen 
that  in  neither  of  these  cases  are  the  phenomena  so-unequiv- 
ocal, or  so  well  ascertained,  as  to  justify  a  positive  assertion 
that  they  are  tmly  referable  to  parthenogenesis  in  the  above 
restricted  sense  of  the  term. 

The  Aphides,  or  plant-lice,  which  are  so  commonly  found 
parasitic  upon  plants,  are  seen  towards  the  close  of  autumn  to 
consist  of  male  and  female  individuals.  By  the  sexual  tinion 
of  these  true  ova  are  produced,  which  remain  dormant  through 
the  winter.  At  the  approach  of  spring  these  ova  are  hatched  ; 
but  instead  of  giving  birth  to  a  number  of  males  and  females, 
all  the  young  are  of  one  kind,  variously  regarded  as  neuters, 
virgin  females,  or  hermaphrodites.  Whatever  their  true  nature 
may  be,  these  individuals  produce  viviparcudy  a  brood  of 
young  which  resemble  themselves ;  and  this  second  generation, 
in  like  manner,  produces  a  third,— and  so  the  process  may  be 
repeated,  for  as  many  as  ten  or  more  generations,  throughout 
the  summer.  When  the  autumn  comes  on,  however,  the  vivi- 
parous Aphides  produce — in  exactly  the  same  manner — a  final 
brood;  but  this,  instead  of  being  composed  entirely  of  similar 
individuals,  is  made  up  of  males  and  females.  Sexual  union 
now  takes  place,  and  ova  are  produced  and  fecundated  in  the 
ordinary  manner. 

The  bodies  from  which  the  young  of  the  viviparous  Aphides 
are  produced  are  variously  regarded  as  internal  buds,  as  "  pseud- 
ova"  (i.e.,  as  bodies  intermediate  between  buds  and  ova),  and 
as  true  ova. 

"Without  entering  into  details,  it  is  obvious  that  there  is  only 
one  explanation  of  these  phenomena  which  will  Justify  us  in 
regarding  the  case  of  the  viviparous  Aphides  as  one  of  true 
parthenogenesis,  as  above  defined.  If,  namely,  the  spring 
broods  are  true  females,  and  the  bodies  which  they  pjoduce  in 
their  interior  are  true  ova,  then  the  case  is  one  of  genuine  par- 
thenogenesis, for  there  are  certainly  no  males.  The  case  might 
still  be  called  one  of  parthenogenesis,  even  though  the  bodies 
from  whicli  these  broods  are  produced  be  regarded  as  internal 
buds,  or  as  "  pseudova ;"  for  a  true  ovum  is  essentially  a  bud. 
If,  however,  Balbiani  be  right,  and  the  viviparous  Aphides  are 
really  hermaphrodite,  then,  of  course,  the  phenomena  are  of  a 
much  less  abnormal  character. 

In  the  second  case  of  alleged  parthenogenesis  which  we  are 
about  to  examine — namely,  in  the  honey-lDee — the  pher 
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which  have  been  described  cannot  be  said  to  be  wholly  free 
from  doubt.  A  hive  of  bees  consists  of  three  classes  of  indivi- 
duals— I,  A  "queen,"  or  fertile  female;  z.  The  "workers,"  which 
form  the  bulk  of  the  community,  and  are  really  undeveloped 
or  sterile  females ;  and,  3.  The  "  drones,"  or  males,  which  are 
only  produced  at  certain  times  of  the  year.  We  have  here 
three  distinct  sets  of  beings,  all  of  which  proceed  from  a  single 
fertile  individual,  and  the  question  arises,  In  what  manner  are 
the  differences  between  these  produced?  At  a  certain  period 
of  the  year  the  queen  leaves  the  hive,  accompanied  by  the 
drones  (or  males),  and  takes  what  is  known  as  her  "nuptial 
flight"  through  the  air,  .In  this  flight  she  is  impregnated  by 
the  males,  and  it  is  immaterial  whether  this  act  occurs  once  in 
the  life  of  tlie  queen,  or  several  times,  as  asserted  by  some. 
Be  this  as  it  may,  the  queen,  in  virtue  of  this  single  impregna- 
tion, is  enabled  to  produce  fresh  individuals  for  a  lengthened 
period,  the  semen  of  the  males  being  stored  up  in  a  receptacle 
which  communicates  by  a  tube  with  the  oviduct,  from  which  it 
can  be  shut  off  at  will.  The  ova  which  are  to  produce  workers 
(undeveloped  females)  and  queens  (fertile  females)  are  fertil- 
ised on  their  passage  through  the  oviduct,  the  semen  being 
allowed  to  escape  into  the  oviduct  for  this  purpose.  The  sub- 
sequent development  of  these  fecundated  ova  into  workers  or 
queens  depends  entirely  upon  the  form  of  the  cell  into  which 
the  ovum  is  placed,  and  upon  the  nature  of  the  food  which  is 
supplied  to  the  larva.  So  farthere  is  no  doubt  as  to  the  nature 
of  the  phenomena  which  are  observed.  It  is  asserted,  how- 
ever, by  Dzierzon  and  Siebold,  that  the  males  or  drones  hre 
produced  by  the  queen  from  ova  which  she  does  not  allow  to 
come  into  contact  with  the  semen  as  they  pass  through  the 
oviduct.  This  assertion  is  supported  by  the  fact  that  if  the 
communication  between  the  receptacle  for  the  semen  and  the 
oviduct  be  cut  off,  the  queen  wil!  produce  nothing  but  males. 
Also,  in  crosses  between  the  common  honey-bee  and  the  Ligu- 
rian  bee,  the  queens  and  workers  alone  exhibit  any  intermediate 
characters  between  the  two  forms,  the  drones  presenting  the  un- 
mixed characters  of  the  queen  by  whom  they  were  produced. 

If  these  observations  are  to  be  accepted  as  established — and, 
upon  the  whole,  there  can  be  no  hesitation  in  accepting  them 
as  in  the  main  correct — then  the  drones  are  produced  by  a  true 
process  of  parthenogenesis ;  but  some  observers  maintain  that 
the  development  of  any  given  ovum  into  a  drone  is  really  due 
— as  in  the  case  of  the  queens  and  workers — to  the  special  cir- 
cumstances under  which  the  laiva  is  brought  up.* 

•  In  the  case  of  PolisUs  Gallica,  Von  Siebold  appears  to  have  proved 
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Tliere  are  various  other  cases  in  which  parthen (genesis  is 
said  to  occur,  but  the  above  will  suffice  to  indicate  the  general 
character  of  the  phenomena  in  question.  The  theories  of  par- 
thenogenesis appear  to  be  too  complex  to  be  introduced  here ; 
and  there  is  the  less  to  regret  in  their  omission,  as  naturalists 
have  not  yet  definitely  adopted  any  one  explanation  of  the 
phenomena  to  the  exclusion  of  the  rest. 

First  Law  of  Quatrefa^es.-—¥iom  the  phenomena  of  asexual 
reproduction  in  all  its  forms,  M.  de  Quatrefages  has  deduced 
the  following  generalisation  : — 

"  The  formation  of  new  individuals  may  take  place,  in  some 
instances,  by  gemmation  from,  or  division  of,  the  parent-being ; 
but  this  process  is  an  exhaustive  one,  and  cannot  be  earned 
out  indefinitely.  When,  therefore,  it  is  necessary  to  insure  the 
continuance  of  the  species,  the  sexes  must  present  themselves, 
and  the  germ  and  sperm  must  be  allowed  to  come  in  contact 
with  one  another." 

It  should  be  added  that  the  act  of  sexual  reproduction, 
though  it  insures  the  perpetuation  of  the  species,  is  very  de- 
structive to  the  life  of  the  individual.  The  formation  of  the 
essential  elements  of  reproduction  appears  to  be  one  of  the 
highest  physiological  ax;ts  of  which  the  organism  is  capable, 
and  it  is  attended  with  a  corresponding  strain  upon  the  vital 
energies.  In  no  case  is  this  more  strikingly  exhibited  than  in 
the  majority  of  insects,  which  pass  the  greater  portion  of  their 
existence  in  a  sexually  immature  condition,  and  die  almost 
immediately  after  they  have  become  sexually  perfect,  and 
hate  consummated  the  act  whereby  the  perpetuation  of  the 
species  is  secured. 
II.  Development,  Transformation,  and  Metamorphosis. 

Development  is  the  general  term  applied  to  all  those  changes 
which  a  germ  undergoes  before  it  assumes  the  characters  of 
the  perfect  individual;  and  the  chief  differences  which  are  ob- 
served in  the  process  as  it  occurs  in  different  animals  consists 
simply  in  the  extent  to  which  these  changes  are  external  and 
visible,  or  are  more  or  less  completely  concealed  from  view. 
For  these  differences  the  terms  "  transformation  "  and  "  meta- 
morphosis "  are  employed ;  but  they  must  be  regarded  as  essen- 
tially nothing  more  than  variations  of  development. 

beyond  reasonable  doubt  that  the  males  are  produced  by  a  process  of  par- 
thenogenesis. Landois,  however,  asserts  that  the  eggs  of  insects  are  of  no 
sex,  that  sex  is  only  developed  in  the  larva  afler  its  emei^ence  from  Ihe 
e^,  and  that  in  each  individual  larva  the  sex  is  determined  wholly  by  the 
nalure^of  the  food  upon  which  it  is  brought  up;  abundant  nourishmeni 
producmg  female^  and  scanty  diet  giving  nsc  to  males. 
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Transfonitation  is  the  term  employed  by  Quatrefages  to  de- 
Bignate  "the  series  of  changes  which  every  germ  undeigoes  in 
reaching  the  embryonic  condition  ;  those  which  we  observe  in 
every  creature  still  within  the  egg;  those,  finally,  which  the 
species  bom  in  an  imperfectly  developed  state  present  in  the 
course  of  their  external  life." 

Metamorphosis  is  defined  by  the  same  author  as  including 
the  alterations  which  are  "  undergone  after  exclusion  from  the 
egg,  and  which  alter  extensively  the  general  form  -ind  mode  of 
life  of  the  individual 

Though  by  no  means  faultless  these  terms  are  s  fticiently 
convenient,  if  it  be  remembered  that  they  are  merely  modifi- 
cations of  develo[  ment  and  express  differences  of  degree  and 
not  of  kind.  An  insect  such  as  a  b  itterfly  is  the  best  illus- 
tration of  whit  IS  meant  by  these  terms  All  the  changes 
which  are  undei^one  bj  a  butterfly  in  passing  from  the  fe- 
cundated ovum  to  the  cond  tion  of  an  imago  or  perfect  insect, 
constitute  its  deitlopment  The  e^  which  is  laid  by  a  butter- 
fly undergoes  a  series  of  changes  which  eventuate  m  its  giv- 
ing birth  to  a  caterpillar  these  prehmmarj  changes  constitut- 
ing its  transformation  Ihe  caterpillar  grows  npidly,  and 
after  several  changes  of  skin  becomes  quiescent  when  it  is 
known  as  a  '  chrjsalis  It  remains  for  a  onger  or  shorter 
time  in  this  quiuscent  and  apparently  dead  condition  during 
which  period  develop  nentaJ  changes  are  going  on  rapidly  in 
its  interior.  Finally  the  chrysalis  ruptures  and  there  escapes 
from  it  the  perfect  winged  insect  To  these  changes  the  term 
metamorphosis  is  i^htly  appUed.  These  changes,  however,  do 
not  differ  in  kind  from  the  changes  undergone  by  a  Mammal ; 
the  difference  being  that  in  the  case  of  a  Mammal  the  ovum  is 
retained  within  the  body  of  the  parent,  where  it  undergoes 
the  necessary  developmental  changes,  so  that  at  birth  it  has 
little  to  do  but  grow,  in  order  to  be  converted  into  the  adult 

From  these  considerations  we  arrive  at  the  second  law  laid 
down  by  Quatrefages : — "  Those  creatures  whose  ova — owing  to 
an  insufficient  supply  of  nutritious  contents,  and  an  incapacity 
on  the  part  of  the  mother  to  provide  for  their  complete  de- 
velopment within  her  own  substance — are  rapidly  hatched, 
give  birth  to  imperfect  offspring,  which,  in  proceeding  to  their 
definitive  characters,  undergo  several  alterations  in  structure 
and  form,  known  as  metamorphoses." 

Hetrograde  Development.- — Ordinarily  speaking,  the  course 
of  development  is  an  ascending  one,  and  the  adult  is  more 
highly  organised  than  the  young ;  but  there  are  cases  in  which 
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there  is  an  apparent  reversal  of  this  law,  and  the  adult  is  to 
all  appearance  a  degraded  form  when  compared  with  the 
embryo.  This  phenomenon  is  known  as  "retrograde"  or 
"  recurrent "  development ;  and  well-marked  instances  are  found 
amongst  the  Cirripedia  and  Lemsefe,  both  of  which  belong  to 
the  Crustacea. 

Thus,  in  the  Cirripedes  (acorn -shells,  &c.)  and  in  the 
parasitic  LernEese  the  embryo  is  free-swimming  and  provided 
with"  organs  of  vision  and  sensation,  being  in  most  respects 
similar  to  the  permanent  condition  of  certain  other  Crustacea, 
such  as  the  Copepods,  The  adult,  however,  in  both  cases,  is 
degraded  into  a  more  or  less  completely  sedentary  animal, 
more  or  less  entirely  deprived  of  organs  of  sense,  and  leading 
an  almost  vegetative  life.  As  a  compensation,  reproductive 
organs  are  developed  in  the  adult,  and  it  is  in  this  respect 
superior  to  the  locomotive,  but  sexless,  larva. 

12    Spontaneous  Glnh-kation 

Spontaneous  or  Equi\ocal  generation  is  the  term  applied 
to  die  alleged  production  of  living  beings  vnthout  the  pre 
esistence  of  germs  of  any  kind,  and  therefore  without  the 
pre  existence  of  pwent  organisms  The  question  ts  one  which 
has  been  long  and  closely  disputed,  and  is  far  from  being 
settl  d  th  t  t  ill  b  fti  t  t  d  e  the  ficts  upon 
«hi  h  h     heory       t 

If    n  1  g  t  bl        b  b      oikt.d  in  hot  or 

cold  a.   t     tn  k  g  f       n,  and  if  this  m 

fus!      b        p      d  f  fti  !     g  h    f    me  to  the  air,  the 

foil  es    t    h     g  lly     b    r\   d  : — 

lAth        dfl  hit       m      here  forms  upon 

the      rl  f  th        f  th  pelhde,  nhich, 

when        m      d  n  p  cally       f      d  t       onsist  of  an  in 

calc  1  bl        mb       f     tr  m  ly  m      t         1      les 

2    I      h  t    t  g    tl  II       PI     r,  mmy  of  them, 

to  have  increased  in  size  by  endogenous  division,  till  they  form 
short  staff-shaped  filaments,  called  "bacteria."  These  increase 
in  length  by  the  same  process  until  we  get  long  filamentous 
bodies  produced,  which  are  termed  "vibriones."*  Both  the 
bacteria  and  the  vibrios  now  exhibit  a  vibratile  or  serpentine 
movement  through  the  surrounding  fluid. 

3.  After  a  varying  period,  the  bacteria  and  vibrios  become 

•  By  some  authorities  it  is  believed  that  Ihe  bacteria  are  produced  by  the 
fusion  together  of  the  primitive  molecules  in  twos  and  threes  ;  and  ihat  the 
vibrios  are  produced  out  of  the  liacteria  by  the  addition  of  fresh  molecules 
to  the  cWremities  of  the  latter,  or  by  their  uniting  with  one  another. 
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moUonless,  and  ciisintegrate  so  as  to  j  rodu  e  aga      a  finely 
molecular  pellicle. 

4.  Little  spherical  bodies  now  appear  each  of  vl  ich  is 
provided  with  a  vibratile  cilium  with  w  cl  t  mo  es  actively 
through  the  infusion.     (Monas  lens.) 

5.  Varied  forms  of  ciliated  Infusoria — son  e  vl  ch  possess 
a  mouth  and  are  otherwise  highly  organ  sed — 1  ake  their 
appearance  in  the  fluid. 

The  above  is  the  general  sequence  of  tl  e  phenomena  which 
have  been  observed,  and  the  following  are  the  tvo  theories 
which  have  been  advanced  to  account  for  then    — 

a.  By  the  advocates  of  spontaneous  generat  on  or  Hetero- 
geny,"  it  is  affirmed  that  the  Infiisoria,  wh  ch  finally  appear  in 
the  infusion,  are  produced  spontaneously  out  of  the  molecular 
pellicle,  the  molecules  of  which  are  also  of  spon  i  eo  s  origin, 
and  are  not  derived  from  any  pre-existing  gern  s 

A  By  the  "  panspermists,"  or  the  oppo  e  ts  of  j  ontaneous 
generation,  it  is  alleged,  on  the  other  hand  that  ll  e  produc- 
tion of  Bacteria,  Vibrios,  Monads,  and  Infiisor  a,  n  organic 
infusions,  is  due  simply  to  the  fact  that  the  atmosphere,  and 
probably  the  fluid  itself,  is  charged  with  innumerable  germs — 
too  minute,  perhaps,  to  be  always  detectable  by  the  microscope 
— which,  obtaining  access  to  the  fluid,  and  finding  there  favour 
able  conditions,  are  developed  into  living  beings. 

A  large  number  of  elaborate  experiments  have  been  carried 
out  to  prove  that  atmospheric  air  is  absolutely  necessary  for 
the  production  of  these  living  beings,  and  that  if  the  air  be 
properly  purified  by  passage  through  destructive  chemical 
reagents,  no  such  oiganisms  will  be  produced,  provided  that 
the  infusion  have  been  previously  boiled.  As  the  results  of 
all  these  experimental  trials  have  hitherto  proved  more  or  less 
contradictory,  it  is  unnecessary  to  enter  into  the  question 
further,  and  it  will  be  sufficient  to  indicate  the  following  general 
considerations ; — 

a.  The  primary  molecules  which  appear  in  the  fluid  are  ex- 
tremely minute,  and  if  they  are  developed  from  germs,  these 
may  be  so  small  as  to  elude  any  power  of  the  microscope  yet 
known  to  us.  As  they  subsequently  become  converted  into 
bacteria  and  vibrios,  and  as  there  can  be  little  dispute  as  to 
these  being  truly  living  organisms,  we  are  obliged  to  believe 
that  they  must  have  had  some  definite  origin.  It  appears, 
however,  to  be  hardly  philosophical  to  assume  that  they  form 
themselves  out  of  the  inorganic  materials  of  the  infusion;  since 
this  implies  the  sudden  appearance,  or  creation,  of  new  force, 
for  which  there  seems  to  be  no  means  of  accounting. 
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b.  The  nature  of  the  vibrios  and  bacteria  must  be  looked 
upon  as  quite  uncertain.  To  say  the  least  of  it,  they  are  quite 
as  likely  to  be  plants  as  animals  ;  and  the  most  probable  hypo- 
thesis would  place  the  former  near  the  filamentous  Conferv^e, 
or  would  regard  them  as  the  mycelium  of  various  species  of 
Moulds  (Penidllium). 

c.  What  has  been  said  above  with  regard  to  the  origin  of 
the  bacteria  and  vibrios  applies  equally  to  the  origin  of  the 
Monads,  which  appear  in  the  infusion  subsequently  to  the 
death  of  the  vibrios. 

d.  These  Monads,  as  shown  by  recent  researches,  are  pro- 
bably to  be  looked  upon  as  the  embryonic,  or  larval,  forms  of 
the  higher  Infusoria  which  succeed  them. 

e.  Many  of  the  Infusoria  which  finally  appear  are  of  a 
comparatively  high  grade  of  organisation,  being  certainly  the 
highest  of  the  Protozoa,  and  being  placed  by  some  competent 
observers  in'  the  neighbourhood  of  the  Trematode  Worms 
(Annuloida).  It  is  therefore  very  unlikely  that  these  should 
be  generated  spontaneously ;  since,  if  this  ever  occurs,  it  is 
reasonable  to  suppose  that  the  creatures  thus  produced  will 
be  of  the  lowest  possible  organisation  {such  as  the  Gregarinidie 
or  the  Monera,  for  example),  and  will  be  far  below  the  Infosoria 
in  point  of  structure, 

f.  The  reproductive  process  in  many  of  these  same  Infusoria 
is  perfectly  well  known,  and  it  consists  either  in  a  true  sexual 
process,  for  which  proper  oigans  are  provided  (as  in  Paramce- 
cium),  or  in  a  process  of  gemmation  or  fission.  It  is  there- 
fore improbable  that  they  should  be  generated  in  the  manner 
maintained  by  the  heterogenists,  since  this  mode  of  reproduc- 
tion would  appear  to  be  superfluous. 

g.  In  the  absence  of  any  direct  proof  to  the  contrary,  it  is 
safer  to  adopt  an  explanation  of  the  observed  phenomena 
which  does  not  have  recourse  to  laws  with  which  we  are  as 
yet  unacquainted.  Thus,  it  is  not  at  variance  with  any  known 
law  to  suppose  that  the  primary  molecules  are  the  result  ol 
the  development  of  germs  which  find  in  the  inorganic  infusion 
a  suitable  nidus;  that  these  primary  molecules  and  the  vibrios 
which  they  produce  are  referable  to  the  ProCophyta,  and 
should  probably  be  placed  near  the  filamentous  Confervfe ; 
that  by  the  death  of  these  vegetable  organisms  the  fluid  is 
prepared  for  the  reception  and  development  of  the  germs  of 
the  Protozoa,  for  which  the  former  serve  as  pabulum;  and 
that  many  of  the  forms  which  are  observed  are  the  larval 
stages  of  the  higher  Infusoria.* 

"  Recent  researches,  especially  those  of  Dr  Baslian,  have  established 
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13.  Origin  of  Species, 

It  is  impossible  here  to  do  more  than  merely  indicate  in  the 
briefest  manner  the  two  fundamental  ideas  which  are  at  the 
bottom  of  ail  the  various  theories  as  to  the  origin  of  species. 
The  opinions  of  scientific  men  are  still  divided  upon  this  sub- 
ject; and  it  will  be  sufficient  to  give  an  outline  of  the  two 
leading  theories,  without  adducing  any  of  the  reasoning  tipon 
which  they  are  based- 

I,  Doctrine  of  Special  Creation. — On  this  doctrine  of  the 
origin  of  species  it  is  believed  that  species  are  immutable  pro- 
ductions, each  of  which  has  been  specially  created  at  some 
point  within  the  area  in  which  we  now  find  it,  to  meet  the  ex- 
ternal conditions  there  prevailing,  subsequently  spreading  from 
this  spot  as  far  as  the  conditions  of  life  were  suitable  for  it. 

II.  Doctrine  of  Development. — On  the  other  hand,  it  is  be- 
lieved that  species  are  not  pennanent  and  immutable,  but  that 
they  "  undergo  modification,  and  that  the  existing  forms  of  life 
are  the  descendants  by  true  generation  of  pre-existing  forms." 

On  Lamarck's  theory  of  the  development  of  species,  the 
means  of  modification  were  ascribed  to  the  action  of  external 
physical  agencies,  the  inter-breeding  of  already  existing  forms, 
and  the  effects  of  habit. 

The  doctrine  of  the  development  of  species  by  variation  and' 

some  new  facts  as  to  the  possibility  of  Helert^^y,  but  they  can  by  no 
means  be  said  to  ha«e  settled  the  question,  if  only  upon  the  groond  that 
they  require  confirmation  by  other  experimentalists.  The  chief  fact  which 
appears  to  have  been  established  upon  a  tolerably  firm  basis  is,  that  living 
beings,  vegetable  or  animal,  may  ftiake  their  appearance  in  organic  infu- 
sions whidi  have  lieen  subjected  lo  a  temperature  of  considerably  over 
the  boiling-point,  even  though  the  said  infusions  have  been  hennetically 
sealed  in  a  flask  from  which  all  atmospheric  air  has  been  previously  with- 
drawn. The  chief  deduction  which  appears  to  How  from  this— assuming 
its  correctness — is,  that  there  are  low  organisms  which  can  exist,  for  a. 
certain  length  of  time  at  any  rate,  wilh  an  extremely  small  amount  of  air  ; 
for  it  is  to  be  remembered  that  the  production  of  a  theoretically  perfect 
vacuum  is  probably  practically  impossible.  If  it  were  conceded,  in  fact, 
that  a  perfect  vacuum  had  been  formed  in  the  experiments  in  question,  the 
sole  result  would  be  that  we  should  have  to  alter  all.our  beliefs  as  to  the 
conditions  under  wljich  life  is  a  possibility.  The  only  tangible  result  of 
these  experiments,  so  far,  is,  that  any  .supposed  "pre-existent  germs  "  must 
have  been  contained,  if  present  at  all,  in  the  infinitesimal  portion  of  air 
which  could  not  be  expelled  from  tlie  flasks  experimented  on ;  or,  they 
it  have  been  able' to  withstand  without  injury  a  temperaiuie  of  over 

0  the 
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natural  selection  —  propounded  by  Darwin,  and  commonly 
known  as  the  Darwinian  theory— is  based  upon  the  following 
fundamental  propositions  :— 

1.  The  progeny  of  all  species  of  animals  and  plants  exhibit 
variations  amongst  themselves  in  all  parts  of  their  organisa- 
tion ;  no  two  individuals  being  exactly  alike.  In  other  words, 
in  every  species  the  individuals  tend  by  variation  to  diverge 
from  the  parent-type,  in  some  particular  or  other. 

2.  These  variations  can  be  transmitted  to  future  generations 
under  certain  definite  and  discoverable  laws  of  inheritance. 

3.  By  artificial  selection  and  breeding  from  individuals  pos- 
sessing any  particular  variation,  man,  in  successive  generations, 
can  produce  a  breed  in  which  the  variation  is  permanent ;  the 
races  thus  produced  being  often  as  widely  different  as  are 
distinct  species  of  wild  animals. 

4.  The  world  in  which  all  living  beings  are  placed  is  one 
not  absolutely  unchanging,  but  is  liable  to  subject  them  to  very 
varying  conditions. 

5.  All  animals  and  plants  give  rise  to  more  numerous  young 
than  can  by  any  possibility  be  preserved. 

6.  As  these  young  are  none  of  them  exactly  alike,  a  process 
of  "  Natural  Selection  "  will  ensue,  whereby  those  individuals 
which  possess  any  variation  favourable  to  the  peculiarilies  of 
the  life  of  the  species  will  be  preserved.  Those  individuals 
which  do  not  possess  such  a  favourable  variation  will  be  placed 
at  a  disadvantage  in  the  "  struggle  for  existence,"  and  will  tend 
to  be  gradually  exterminated. 

7.  Other  conditions  remaining  the  same,  the  individuals 
which  survive  in  the  struggle  for  existence  will  transmit  the 
variations,  to  which  their  preservation  is  due,  to  future  gene- 
rations. 

8.  By  a  repetition  of  this  process  "  varieties  "  are  first  estab- 
Hshed;  these  become  permanent,  and  "races"  are  produced  ; 
finally,  in  the  lapse  of  time,  the  differences  become  sufficiently 
great  to  constitute  distinct  species. 

14.  Distribution. 

Under  this  head  come  all  the  facts  which  are  concerned  with 
the  external  or  objective  relations  of  animals — that  is  to  say, 
their  relations  to  the  external  conditions  in*  which  they  are 
placed. 

The  geographical  distribution  of  animals  is  concerned  with 
the  determination  of  the  areas  within  which  every  species  of 
animal  is  at  the  present  day  confined.  Some  species  are  found 
almost  everywhere,  when  they  are  said  to  be  "cosmopolitan;" 
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but,  as  a.  rule,  each  species  is  confined  to  a  limited  and  definite 
area.  Not  only  are  species  limited  in  their  distribution,  but  it 
is  possible  to  divide  the  globe  into  a  certain  number  of  geo- 
graphical regions  or  "  zoological  provinces,"  each  of  which  is 
characterised  by  the  occurrence  in  it  of  certain  associated  forms 
of  animal  life.  It  is  to  be  remembered,  however,  that  the 
zoological  provinces  of  the  present  day  by  no  means  corre- 
spond with  those  of  former  periods,  and  that  they  have  only 
existed  as  such  since  comparatively  recent  times. 

The  ert  /  o  bathymetrkal  distribution  of  animals  relates 
to  the  In  s  of  depth  within  which  each  marine  species  of 
animals  confined  As  a  rule  it  is  found  that  each  specie.'; 
has  its  o  n  defin  e  bathymetrical  zone,  and  that  its  existence 
is  diffi  1  o  n  po  ble  at  depths  greater  or  less  than  those 
compnsed  by  tl  at  zone.  Generalising  on  a  large  number  of 
facts  n  tu  al  sts  h  ve  been  able  to  lay  down  and  name  certain 
definite  zones,  each  of  which  has  its  own  special  fauna. 

The  four  following  zones  are  those  generally  accepted  :— 

I.  The  Littoral  zone,  or  the  tract  between  tide-marks. 

z.  The  Laminarian  zone,  from  low  water  to  15  fathoms. 

3,  The  Coralline  zone,  from  15  to  50  fathoms. 

4,  The  deep-sea  Coral  zone,  50  to  100  fathoms  or  more. 

5,  To  these  must  now  be  certainly  added  a  fifth  zone,  ex- 
tending from  100  fathoms  to  a  depth  of  2500  fathoms  or  more. 

Recent  researches,  however,  have  rendered  it  certain  that 
after  a  certain  depth,  say  100  fathoms,  the  bathymetrical  dis- 
tribution of  animals  is  conditioned  not  by  the  depth,  but  by 
the  ismpiratute  of  the  water  at  the  bottom  of  the  sea.  Similar 
forms,  namely,  are  always  found  inhabiting  areas  in  which  the 
bottom-temperature  is  the  same,  wholly  irrespective  of  the 
depjh  of  water  in  the  particular  locality  in  question.  The 
supply  of  food,  also,  and  the  nature  of  the  habitat,  are  important 
elements  of  the  case.  In  the  light,  therefore,  of  these  recent 
facts,  it  would  perhaps  be  advisable  to  adopt  the  views  of  Mr 
Gwyn  Jeffreys,  and  to  consider  that  there  are  only  two  prin- 
cipal bathymetrical  zones — namely,  the  littoral  and  the  sub- 

In  addition  to  the  preceding  fonns  of  distribution,  the 
zoologist  has  to  investigate  the  condition  and  nature  of  animal 
life  during  past  epochs  in  the  history  of  the  world 

The  laws  of  distribtUioti  in  time,  however,  are,  from  the 
nature  of  the  case,  less  perfectly  known  than  are  the  laws  of 
lateral  or  vertical  distribution,  smce  these  latter  concern  beings 
which  we  are  able  to  examine  directly.  The  following  are  the 
chief  facts  which  it  is  necessary  for  the  student  to  bear  in  mind; 
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1.  The  rocks  which  compose  the  crust  of  the  earth  have 
been  formed  at  successive  periods,  and  may  be  roughly  di- 
vided into  aqueous  or  sedimentary  rocks,  and  igneous  rocks. 

2.  The  igneous  rocks  are  produced  bj-  the  agency  of  heat, 
are  mostly  unslratifisd  {i.e.,  are  not  deposited  in  distinct  layers 
or  strata),  and,  with  few  exceptions,  are  destitute  of  any  traces 
of  past  life. 

3.  The  sedimentary  or  aqueous  rocks  owe  their  origin  to 
the  action  of  water,  are  stratified  {i.e.,  consist  of  separate  layers 
or  strata),  and  mostly  exhibit  "fossils" — that  is  to  say,  the 
remains  or  traces  of  animals  or  plants  which  were  in  existence 
at  (he  time  when  the  rocks  were  deposited. 

4.  The  series  of  aqueous  rocks  is  capable  of  being  divided 
into  a  number  of  definite  groups  of  strata,  which  are  technically 
called  "formations." 

5.  Each  of  these  definite  rock-groups,  or  "formations,"  is 
characterised  by  the  occurrence  of  an  assemblage  of  fossil  re- 
mains more  or  less  peculiar  and  confined  to  itself. 

6.  The  majority  of  these  fossil  forms  are  "  extinct  "^that  is 
to  say,  they  do  not  admit  of  being  referred  to  any  species  at 
present  existing. 

7.  No  fossil,  however,  is  known,  which  cannot  be  referred 
to  one  or  other  of  the  primary  subdivisions  of  the  Animal 
Kingdom,  which  are  represented  at  the  present  day. 

8.  When  a  species  has  once  died  out,  it  never  reappears. 

9.  The  older  the  formation,  the  greater  is  the  divergence 
between  its  fossils  and  the  animals  and  plants  now  existing  on 
the  globe. 

10.  AU  the  known  formations  are  divided  into  three  great 
groups,  termed  respectively  Paieeozoic  or  Primary,  Mesozoic 
or  Secondary,  and  Kainozoic  or  Tertiary. 

The  Palseozoic  or  Ancient-life  period  is  the  oldest,  and  is 
characterised  by  the  marked  divergence  of  the  life  of  the  period 
from  all  existing  forms. 

In  the  Mesozoic  or  Middle-life  period,  the  general  facies  o£ 
the  fossils  approaches  raore  nearly  to  that  of  our  existing  fauna 
and  flora ;  but-— with  very  few  exceptions — the  characteristic 
fossils  are  all  specifically  distinct  from  all  existing  forms. 

In  the  Kainozoic  or  New-life  period,  the  approximation  of 
the  fossil  remains  to  existing  living  beings  is  still  closer,  and 
some  of  the  forms  are  now  specifically  identical  with  recent 
species  ;  the  number  of  these  increasing  rapidly  as  we  ascend 
from  the  lowest  Kainozoic  deposit  to  the  Recent  period. 

Subjoined  is  a  table  giving  the  more  important  subdivisions 
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of  the  tliree  great  geological  periods,  commencing  witli  the 
oldest  rocks  and  ascending  to  the  present  day. 

I,  Paleozoic  or  Primary  Rocks. 

1.  Laurentian.     (Lower  and  Upper.) 

2.  Cambrian.     (Lower  and  Upper,  with  Huronian  Rocks?) 

3.  Silurian.     (Lower  and  Upper.) 

4.  Devonian,  or  Old  Red  Sandstone.  (Lower,  Middle,  and 
Upper.) 

5.  Carboniferous.  (Mountain-limestone,  Millstone  Grit,  and 
Coal-measures.) 

6.  Permian.     ( —  the  lower  portion  of  the  New  Red  Sand- 

II.  Mesozoic  or  Secondary  Rocks, 

7.  Triassic  Rocks.  (Bunter  Sandstein,  or  Lower  Trias ; 
MuschelkaJk,  or  Middle  Trias ;  Keuper,  or  Upper  Trias.) 

8.  Jurassic  Rocks.  (Lias,  Inferior  Oolite,  Great  Oolite, 
Oxford  Clay,  Coral  Rag,  Kimmeridge  Clay,  Portland  Stone, 
Purbeck  beds.) 

9.  Cretaceous  Rocks.  (Wealden,  Lower  Greensand,  Gault, 
Upper  Greensand,  White  Chalk,  Maestricht  beds.) 

III.  Kainozoic  or  Tertiary  Rocks. 

10.  Eocene,     (Lower,  Middle,  and  Upper.) 

11.  Miocene.     (Lower  and  Upper.) 

12.  Pliocene.     (Older  Pliocene  and  Newer  Pliocene.) 

13.  Post-tertiary.     (Post-pliocene  and  Recent) 
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CHAPTER    I. 

I  General  Characters  of  the  Protozoa. 
2.  Classification.     3.  Gregarinid^. 

I.  Gaural  Characters. — The  sub-kingdom  Protozoa,  as  the 
name  implies,  iocludes  the  most  lowly  organised  members  of 
the  animal  kingdom.  From  this  circumstance  it  is  difficult,  if 
not  impossible,  to  give  an  eidiaustive  definition,  and  the  fol- 
lowing is,  perhaps,  as  exact  as  the  present  state  of  our  know- 
ledge will  allow ; — 

The  Protozoa  may  be  defined  as  animals,  generally  of  minute 
size,  composed  of  a  nearly  structureless  jelly-like  substance  {termed 
"  sarcode"),  showing  no  composition  out  of  definite  farts  or  seg- 
ments, having  no  definite  body-cavity,  presenting  no  traces  of  a 
nervous  system,  and  having  either  no  differentiated  alimentary 
apparatus,  or  but  a  very  rudimentary  one. 

The  Protozoa  are  almost  exclusively  aquatic  in  their  habits, 
and  are  mostly  very  minute,  though  they  sometimes  form 
colonies  of  considerable  size.  They  are  composed  of  a  more 
or  less- contractile,  jelly-like  substance,  called  "sarcode"  or 
"  animal  protoplasm,"  which  is  semi-fluid  in  con^t^ce,  and 
is  composed  of  an  alburainpus  base  with  oil-globules  scattered 
through  it.  Granules  are  generally  developed  in  the  sarcode, 
and  in  many  cases  there  is  a  definite  internal  solid  particle, 
termed  the  "  nucleus." 

In  no  Protozoan  are  any  traces  known  of  anything  like  the 
nervous  and  vasculai  arrangements  which  are  found  in  animals 
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of  a  higher  grade  A  nervous  system  is  universally  and  en- 
Urdy  absent  and  the  sole  circulatory  apparatus  consists  in 
certain  clear  spaces  called  contractile  vesicles,"  which  are 
found  m  some  speaes  -ind  which  doubtfully  perform  the 
functions  ot  a  heirt  A  distinct  alimentary  aperture  is  present 
in  the  higher  Protozoa  but  in  many  there  is  none;  and  in  all, 
thedigestue  apparatus  is  of  the  simplest  character.  Organs 
of  generatio  i  or  ■^t  my  r-ite  differentiated  portions  of  the 
body  which  act  as  these,  are  sometimes  present;  but  in  many 
cases  true  sexual  reproduction  has  not  hitherto  been  shown 

The  "  sarcode,"  which  forms  such  a  distinctive  feature  in  all 
the  Protozoa,  is  a  structureless  albuminous  substance,  not  pos- 
sessing "permanent  distinction  or  separation  of  parts,"  but 
nevertheless  displaying  all  "  the  essential  properties  and  char- 
acters of  vitality,"  being  capable  of  assimilation  and  excretion, 
of  irritability,  and  of  tlie  power  of  contraction,  so  as  to  produce 
movements,  strictly  analogous,  in  many  cases,  to  the  muscular 
movements  of  the  higher  animals.  ,In  some,  too,  the  sarcode 
possesses  the  power  of  producing  an  external  case  or  envelope, 
usually  of  carbonate  of  hme  or  flint,  and  often  of  a  very  com- 
plicated and  mathematically  regular  structure. 

The  power  of  active  locomotion  is  enjoyed  by  a  great  many 
of  the  Protozoa;  but  in  some  cases  this  is  very  hmited,  and 
in  other  cases  the  animal  is  permanently  fixed  in  its  adult 
condition.  The  apparatus  of  locomotion  in  the  Protozoa  is  of 
a  very  varied  nature.  In  many  cases,  especially  in  the  higher 
forms,  movements  are  effected  by  means  of  the  little  hair-like 
processes  which  are  known  as  "cilia,"  and  which  have  the 
power  of  lashing  to  and  fro  or  vibrating  with  great  rapidity. 
In  other  cases  the  cilia  are  accompanied  or  replaced  by  one  or 
more  long  whip-like  bristles,  which  act  in  the  same  fashion, 
and  are  known  as  "flagella."  The  most  characteristic  organs 
of  locomotion  amongst  the  lower  Protozoa  are  known  as 
"  pseudopodia,"  and  consist  simply  of  prolongations  of  the 
sarcodic  substance  of  the  body,  which  can  usually  be  emitted 
from  the  greater  portion  of  the  general  surface  of  the  body, 
and  are  capable  of  being  again  retracted,  and  of  fusing  com- 
pletely with  the  body-substance. 

2.  Classification  of  the  Protozoa.  The  sub-kingdom  Protozoa 
is  divided  into  three  classes— viz.,  the  Gregarinidm,  the  Rhizo- 
poda,  and  the  Infus(fria.  In  tlie  Infusoria  only  is  a  mouth 
present,  and  hence  these  are  sometimes  spoken  of  as  the 
"  Stomatodi"  Protozoa,  whilst  the  two  former  classes  collec- 
tively constitute  the  "  Astomala." 
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The  following  is  a  tabular  view  of  the  divisions  of  the 
Pretozsa : — 

Class  I.      GREGAR1NID.E. 

Class  II.  Rhizopoda. 
Order  i.  Mon^a, 


„      3.  Foraminifera. 
,,     4,  Radiolaria. 
„     5.  Spongida. 

Class  III.  Infusoria. 
Ordei  I.  Sudoria. 
„      2.   Ciliata. 
„      3.  Flagdlata. 

3,  Class  1.  Gregarinid*;, — The  Gregarinida  may  be  defined 
0%  parasitic  Protozoa,  which  are  destUuie  of  a  mouth,  and  do  not 
possess  the  power  of  emitting  " psetidapodia."  .  They  constitute 
the  lowest  class  of  the  Protozoa,  and  comprise  certain  micro- 
scopic animals  which  are  parasitic  in  the  alimentary  canal  of 
both  Invertebrate  and  Vertebrate  animals.  They  have,  how- 
ever, a  special  liking  for  the  intestines  of  certain  insects,  being 
commonly  found  abundantly  in  the  cockroach.  As  we  shall 
see  hereafter,  in  all  probability  a  great  deal  of  the  degraded 
character  of  the  Gr^arinidce  is  due  to  the  fact  that  they  are 
internal  parasites,  and  are  (herefore  not  dependent  upon  their 
own  exertions  for  food. 

Nothing  anatomically  could  be  more  simple  than  the  struc- 
ture of  a  Gregarina,  since  it  is  almost  exactly  that  of  the  un- 
impregnated  ovum  (fig.  i,  a).  An  adult  Gregarina,  in  fact, 
may  be  said  to  be  a  single  cell,  consisting  of  an  ill-defined 
naembranons  envelope  filled  with  a  more  or  less  granular  sar- 
code  with  fatty  particles,  which  contains  in  its  interior  a  vesic- 
ular nucleus,  this  in  turn  enclosing  a  solid  partide,  or  nucle- 
olus. In  some  the  body  exhibits  an  approach  to  a  more 
complex  structure  by  the  presence  of  internal  septa ;  but  it  is 
doubtful  whether  this  appearance  may  not  be  due  to  the  appo- 
sition and  fusion  of  two  separate  individuals.  A  separate  order, 
however,  has  been  founded  upon  individuals  of  this  kind,  undei 
the  name  of  Dicystidea;  the  name  Monocystidea  being  retained 
for  the  ordinary  forms.  As  regards  the  size  of  the  Gregarina, 
they  vaiy  from  about  the  size  of  the  head  of  a  small  pin  up 
to  as  much  as  half  an  inch  in  length,  when  they  assume  the 
aspect  of  small  worms.     The  integument  or  cuticle  with  which 
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the  protoplasmic  body  is  enclosed  may  be  quite  smooth  or 
striated,  or  it  may  be  furaished  with  bristles  or  spines,  or  even 
in  some  cases  witii  cilia.  Sometimes  one  end  of  the  body  is 
furnished  with  uncinate  processes,  very  similar  in  appearance 
to  the  hooked  "head"  of  the  common  tape-worm  (Tcenin 
solium).  Essentially,  however,  the  structure  of  all  appears  to 
be  the  same.  No  differentiated  ot^ans  of  any  kind  beyond 
the  nucleus  and  nucleolus  exist,  and  both  assimilation  and  ex- 
cretion must  be  performed  simply  by  the  genera!  surface  of  the 
body.  The  body  is,  nevertheless,  contractile,  and  slow  move- 
ments can  be  effected,  not,  however,  by  pseudopodia. 

In  spite  of  their  exceedingly  simply  structure,  the  following 
very  interesting  reproductive  phenomena  have  been  observed. 


sometimes  in  a  single  Gregarina  without  apparent  cause, 
sometimes  as  the  result  of  the  apposition  and  coalescence  of 
two  individuals — the  exact  nature  of  the  process  being  in 
either  case  obscure.  The  Gregarina — or  it  may  be  two  in- 
dividuals which  have  come  into  contact  and  adhered  tt^ether 
— assumes  a  globular  form,  becomes  motionless,  and  develops 
round  itself  a  struclureless  envelope  or  cyst,  when  it  is  said 
to  be  "encysted"  (fig.  i,  b).  The  central  nucleus  then  dis- 
appears, apparently  by  dissolution,  whereupon  the  granular 
contents  of  the  cyst  break  up  into  a  number  of  little  rounded 
masses,  which  gradually  elongate  and  become  lanceolate,  when 
they  are  termed  "pseudonavicellse",  (or  "  pseudonaviculte  ") 
(fig.  I,  c).  The  next  step  in  the  process  consists  in  the  libera- 
tion of  the  pseudonavicellse,  which  escape  by  the  rupture  of 
the  enclosing  cyst  (fig.  i,  d).  If  they  now  find  a  congenial 
habitat,  they  give  origin  to  little  albuminous  or  sarcodic 
masses,  which  exhibit  lively  movements,  and  arc  endowed 
with  the  power  of  throwing  out  and  retracting  little  processes 
of  the  body  which  closely  resemble  the  "  pseudopodia  "  of  the 
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Rhhopoda;  so  that  the  pseudonavicella  in  this  condition  is 
very  similar  to  an  adult  Amceba  (fig.  i,  e).  Finally,  these 
amcebiform  bodies  are  developed  into  adult  Gregariiia.  It 
will  be  seen  from  the  above  that  the  foraiation  of  the  pseudo- 
navicellae  out  of  the  granular  contents  of  the  body,  subsequent 
to  the  disappearance  of  the  nucleus,  presents  some  analogy  to 
the  segmentation  of  the  impregnated  ovum  which  follows  upon 
the  dissolution  of  the  germinal  vesicle, 

PsOROSPERML*;. — ^There  occur  as  parasites  on  and  within 
the  bodies  of  fishes  certain  vesicular,  usually  caudate,  bodies, 
termed  Psorospermia,  the  exact  nature  of  which  is  very  pro- 
blematical. According  to  Lieberkuhn  they  occasionally  give 
origin  to  amcebiform  bodies,  similar  to  those  which  are  libe- 
rated from  the  pseudonavicellte  of  GregariitidiB.  In  this  case 
they  should  probably  be  regarded  as  the  embryonic  forms  of 
some  Gregarina.  By  Balbiani,  however,  they  are  looked  upon 
as  properly  belonging  to  the  vegetable  kingdom. 


CHAPTER    II. 
RHIZOPODA. 


General  Characters  of  the  Rhizopoda. — The  Rhizopoda 
may  be  defined  as  Protozoa  which  are  destitute  of  a  mouth,  are 
simple  or  compound,  and  possess  the  powa-  of  emitting  "  pseudo' 
podia."  They  are  mostly  small,  but  some  of  the  composite 
forms,  such  as  the  sponges,  may  attain  a  very  considerable 
size.  Structurally,  a  typical  Rhizopod^as  an  Amaba — is 
composed  of  almost  structureless  sarcode,  without  any  organs 
appropriated  to  the  function  of  digestion,  and  possessing  the 
power  of  throwing  out  processes  of  its  substance  so  as  to  con- 
stitute adventitious  limbs.  These  are  termed  "  pseudopodia," 
or  false  feet,  and  are  usually  protrusible  at  will  fi-om  different 
parts  of  the  body,  into  the  substance  of  which  they  again 
melt  when  thejf  are  retracted.  They  are  merely  filaments  of 
sarcode,  sometimes  very  delicate  and  of  considerable  length, 
at  other  times  more  like  finger-shaped  processes ;  and  they 
are  somewhat  analogous  to  the  little  processes  which  are  oc- 
casionally thrown  out  by  the  white  corpuscles  of  the  blood  and 
by  pus-cells.  Indeed  it  has  been  remarked  by  Huxley  that 
an  Afttoria  is  structurally  "  a  mere  colourless  blood-corpuscle, 
leading  an  independent  life." 
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The  class  Rhtzopoda  is  divided  into  five  orders — viz.,  the 
Monera,  the  Amxbea,  the  Forantmifa-a,  the  Radiolaria,  and 
the  Spongida,  of  which  the  last  is  occasionally  considered  as 
a  separate  class. 

Order  I.  Monera. — This  name  has  been  proposed  by 
Haeckel  for  certain  singular  oiganisms  which  may  provision 
ally  be  regarded  as  the  lowest  group  of  the  Rhizofoda.  They 
are  very  minute  in  size,  and  are  distinguished  by  the  fact  that 
the  body  is  composed  of  structureless  sarcode,  capable  of  emit- 
ting thread-like  prolongations  or  pseudopodia,  but  destitute  of 
either  nucleus  or  contractile  vesicle.  The  pseudopodia  are  in 
the  form  of  delicate  filamentous  processes  of  sarcode,  which 
interlace  and  anastomose  with  one  another  in  every  direction, 
and  which  exhibit  a  circulation  of  minute  molecules  and  gran- 
ules in  their  interior,  and  along  their  edges.  The  body,  when 
at  rest,  is  more  or  less  nearly  circular  in  form,  but  it  is  capable 
of  undergoing  manifold  changes  of  figure.  No  hard  covering 
or  "  test  "  is  ever  developed.  Reproduction  is  mostly  by  fis- 
sion, with  or  without  precedent  encystation  and  quiescence- 
So  far  as  is  known,  all  the  Monera  are  marine,  and  their  syste- 
matic position  is  still  doubtful.  From  the  absence  of  a  nucleus 
and  contractile  vesicle,  and  from  the  nature  of  the  pseudopodia, 
they  would  appear  upon  the  whole  to  be  most  closely  allied  to 
the  Foraminifera,  from  which  they  differ,  chiefly  if  not  entirely, 
in  the  absence  of  a  shell  defending  the  soft  sarcode  of  the 


d  sarcoid  of  .S>K^V;a.     plfter  Carler.)'^ 

Order  II.  Amcebea, — This  order  comprises  those  Rhizopoda 
■which  are,  with  one  or  two  exceptions,  naked,  have  usually  short, 
blunt,  lobose  pseudopodia,  which  do  not  anastomose  with  one 
another,  and  contain  a  "  nucleus,"  and  one  or  more  "  contrac- 
tile vesicles." 

The  Ammba,  or  Proteus-animalcule,  may  be  taken  as  the 
type,  and  a  description  of  it  will  be  sufficient  to  indicate  the 
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leading  points  of  interest  in  the  order.  The  Jimceba  (fig.  2,  a) 
is  a  microscopic  animalcule  which  inhabits  fresh  water,  and  is 
composed  of  gelatinous  sarcode,  which  admits  of  a  separation 
into  two  distinct  layers ;  an  outer  transparent  layer,  termed 
the"  ectosarc;"  and  an  inner,  more  fluid  and  mobile,  molecular 
layer,  called  the  "endosarc."  The  "ectosarc"  is  highly  ex- 
tensile and  contractile,  and  is  the  layer  of  which  the  pseudo- 
podia  are  mainly  composed;  whilst  the  "endosarc"  contains 
the  only  organs  possessed  by  the  animal — viz.,  the  "  nucleus  " 
and  "  contractile  vesicle  "  or  vesicles,  along  with  certain  for- 
tuitous cavities  termed  "  food- vacuoles." 

It  is  believed  by  some  that  the  ectosarc  is  surrounded  by 
a  colourless  and  structureless  investing  membrane  or  cuticle  ; 
but  this  is  denied  by  others.  Be  this  as  it  may,  there  is  no 
oral  cavity,  so  far  as  has  ever  been  certainly  observed,  and  the 
food  is  merely  taken  into  the  interior  of  the  body  by  a  process 
of  intussusception — any  portion  of  the  surface  being  chosen  for 
this  purpose,  and  acting  as  an  extemporaneous  mouth.  When 
the  particle  of  food  has  been  received  into  the  body,  the  aper- 
ture by  which  it  was  admitted  again  doses  np,  and  the  dis- 
cliarge  of  solid  excreta  is  effected  in  an  exactly  similar  manner. 
In  this  case,  however,  the  area  of  the  general  surface  within 
which  an  anus  may  be  extemporised,  appears  to  be  more 
restricted,  and  to  comprise  a  portion  only  of  the  body 
("villous  region"). 

The  "nucleus"  is  a  solid  granular  body,  one  or  more  of 
which  is  present  within  the  endosarc  of  every  Amwba,  but 
its  function  is  not  known  with  any  certainty.  The  "  con- 
tractile vesicles "  are  cavities  within  the  endosarc,  of  which 
ordinarily  one  only  is  present  in  the  same  individual,  though 
sometimes  there  are  more.  In  structure  it  is  a  little  cavity  or 
vesicle  filled  with  a  colourless  fluid  apparently  derived  from 
the  digestion,  and  exhibiting  rhythmical  movements  of  con- 
traction {systole)  and  dilatation  (diastole).  In  some  cases  radi- 
ating tubes  are  said  to  have  been  seen  proceeding  from  the 
vesicle  at  the  moment  of  contraction.  Regarded  functionally, 
the  contractile  vesicle  must  be  looked  upon  as  a  circulatory 
organ,  and  it  offers  therefore  the  most  rudimentary  form  of  a 
vascular  system  with  which  we  are  as  yet  acquainted. 

Besides  these  proper  organs,  the  endosarc  usually  contains 
clear  spaces,  which  are  called  "vacuoles,"  or,  more  properly, 
"  food-vacuoles."  These  spaces  are  of  a  merely  temporary 
character,  and  are  simply  produced  by  the  presence  of  par- 
ticles of  food,  usually  with  a  little  water  taken  into  the  body 
along  with  the  food. 
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There  are  no  traces  of  any  organs  of  sense,  or  of  a  nervous 
system,  or,  indeed,  of  any  other  organs  in  addition  to  those 
already  described.  Locomotion  is  effected,  with  moderate 
acrivi^,  but  in  an  irregular  manner,  by  means  of  the  blunt, 
finger-shaped  pro'cesses  of  sircode,  or  pseudopodia,  which 
can  be  protruded  ^t  will  from  any  part  of  the  body,  and  can 
be  again  retracted  within  it  Ihe  pseudopodia  also  serve  as 
prehensile  organs  but  thej  do  not  interlace  and  forni  a  net- 
work, nor  do  they  exhibit  any  circulation  of  granules  derived 
from  the  endosarc  as  in  many  others  of  the  Rhisopoda. 

As  regards  the  reproductive  process  in  the  Ainceba,  no  dif- 
ferentiated sexual  organs  have  hitherto  been  discovered,  and 
the  true  .sexual  form  of  the  process  is  therefore  unknown. 
Fresh  individuals,  however,  maj  be  produced  in  three  ways  : — 
Firstly,  by  simple  fission,  the  animal  dividing  into  two  parts, 
each  of  which  becomes  an  mdependent  organism.  Secondly, 
by  the  detachment  of  a  single  pseudopodium,  which  becomes 
developed  into  a  fresh  Ammba.  Thirdly,  by  the  production  of 
litde  spherical  masses  of  sarcode  which  may  be  derived  from 
the 'nucleus  by  fission,  or  may  be  produced  by  a  segmentation 
of  the  endosarc,  the  animal  having  previously  become  torpid, 
and  the  nucleus  and  contractile  vesicle  having  disappeared. 
These  little  masses,  howe\'er  produced,  develop  themselves 
when  liberated  into  ordinary  ^itf^bis.  This  last  method  of 
reproduction  is  obviously  very  closely  analogous  to  the  pro- 
duction of  "  pseudonavicellie "  in  an  encysted  Gregaritia. 
It  has  been  doubted,  apparently  with  considerable  reason, 
whether  the  so-called  Amcebaa.TS  distinct  species  of  animals,  or 
whether  they  are  not  rather  transitory  stages  in  the  life-history 
of  other  organisms.  It  is  quite  certain  that  several  of  the 
Protosm  pass  through  an  Amoeboid  stage,  and  it  is  also  certain 
that  vegetable  matter  not  uncommonly  assumes  similar  char- 
acters {e-g'i  the  mycelium  of  certain  fungi).  It  is  therefore 
not  impossible  that  the  forms  known  to  the  microscopist  as 
Amxba  may  be  ultimately  discovered  not  to  be  permanent 
and  distinct  species ;  but  the  evidence  on  this  head  is  still 
defective. 

The  remaining  members  of  the  Amcsbea  are  constructed 
more  or  less  closely  after  the  type  of  the  Amceba  itself  In  the 
nearly  allied  Diffivgia,  the  sarcode  forming  the  body  of  the 
animal  is  invested  with  a  membranous  envelope  or  "carapace,' 
strengthened  by  grains  of  sand  and  other  adventitious  solid 
particles,  and  having  a  single  apertore  at  one  extremity, 
through  which  the  pseudopodia  are  protruded  (fig.  2,  1*).  The 
animal  generally  creeps  about  head-downwards,  so  to  speak; 
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that  is  to  say,  mth  the  dosed  end  of  the  carapace  elevated 
above  the  surface  on  which  it  is  moving.  In  Arcella  there  is  a 
discoid  or  basin-shaped  carapace,  secreted  by  the  animal  itself, 
and  likewise  possessing  but  a  single  pseudopodial  aperture, 
placed  in  this  case  on  the  flat  surface  of  the  body. 

In  Pamphagus  tliere  is  no  carapace,  but  the  pseudopodia 
are  nevertheless  protrusible  from  one  extremity  only  of  the 
body,  the  remainder  of  the  surface  appearing  to  be  of  too 
resistant  a  consistence  to  allow  of  this.  The  common  sun- 
animalcuk  {Actinophrys  sol)  is  another  well-known  Rliizopod 


Y\ig.  ■i.-Acli«opkr:,s  t. 


'  sho^ving  ihe  radial 


pseudopodia. 


which  is  usually  placed  in  this  order  (fig.  3).  It  consists  ol 
a  spherical  mass  of  sarcode,  about  r-1300  of  an  inch  in  dLi- 
meter,  and  usually  covered  with  long,  radiating,  filamentous 
pseudopodia,  which  are  much  less  mobile  than  in  the  case  of 
the  Ameeba.  The  division  of  the  substance  of  the  body  into 
ectosarc  and  endosarc  is  tolerably  evident,  and  the  latter 
contains  numerous  granules  and  vacuoles.  The  pseudopodia 
are  derived  from  the  ectosarc  alone,  the  endosarc  not  passing 
into  them,  and  they  exhibit  a  circulation  of  granules  along  their 
edges,  though  this  is  not  nearly  so  marked  a  feature  as  in  the 
case  of  the  Foraminifera.  A  nucleus  and  contractile  vesicle 
are  also  present.  The  long  filamentous  pseudopodia  q{  Adim- 
fhrys  make  a  decided  approach  to  the  Foraminifera,  and  for 
this  reason  the  sun-animalcule  is  sometimes  placed  with  the 
latter  in  a  single  order. 

The  Amtebea  may  be  divided  into  two  sub-orders  ;  i.  Amm- 
Una,  including  those  forms  which  have  the  body  naked ;  and 
2.  Arcdlina,  comprising  those  in  which  the  body  is  protected 
by  a  carapace. 
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CHAPTER   in. 

FORAMINIFERA. 

Order  III.  FoRAiirNiFERA.— The  Foraminifera  may  be 
defined  as  Rhizopoda  in  "which  the  body  is  protected  by  a  shell  or 
^'  test,"  usually  composed  of  carbonate  of  hme ;  there  is  no  distinct 
separation  of  the  sarcode  of  the  body  into  ectosare  and  endosarc, 
arid  the  nucleus  and  contractile  vesicle  are  both  absent.  The  pseu- 
dopodia  are  long  and  Jilamentous,  and  interlace  with  one  another 
to  form  a  network. 

The  Foraminifera  are  specially  characterised  by  the  posses- 
sion of  a  "  test "  or  external  shell,  which  is  usually  composed 
of  carbonate  of  lime,  but  is  often  composed  of  grains  of  sand 
or  other  adventitious  solid  particles  cemented  together  by 
animal  matter,  or  which,  as  in  Gromia,  may  be  simply  chitin- 
ous.  {li^Li^erkiihnia  is  to  be  regarded  as  a  Foraminifer,  the 
possession  of  a  test  cannot  be  looked  upon  as  essential,  since 
this  animalcule  is  naked  The  Mofiera,  also,  differ  from  the 
present  group  mainly,  if  not  altogether,  by  their  naked  and 
unprotected  bodies )  The  test  is  usually  composed  of  an 
aggregation  of  chambers  or  "loculi "  (fig.  4,  c),  and  its  walls 
are  usually  pierced  by  numerous  pores  or  "  foramina  "  through 
which  the  pseudopodia  are  protruded ;  the  place  of  these 
being  in  some  forms  supplied  by  the  lai^e  size  of  the  terminal, 
or  "  oral,"  aperture  of  the  shell  (fig.  4,  b).  The  presence  or 
absence  of  foramina  in  the  shell-walls  is  believed  to  constitute 
a  genuine  structural  distinction,  and  the  Foraminifera  may  be 
thereby  iluided  into  two  great  groups  {Ferfgraia  and  Imper- 
forata) 

As  regards  the  soft  parts  of  the  Foraminifera,  the  body  is 
composed  of  extensile  and  contractile  sarcode — usually  red- 
dish or  yellowish  in  colour— which  not  only  fills  the  interior  of 
the  shell,  but  generally  invests  its  outer  surface  also  with  a  thin 
film,  from  which  the  pseudopodia  are  emitted.  The  test,  there- 
fore, in  this  case,  is  not  a  true  cuticular  secretion,  like. that  of 
the  Mollusca,  but  it  is  truly  immersed  within  the  sarcode  of  the 
body.  The  sarcode  is  not  differentiated  into  a  distinct  ectosare 
and  endosarc,  and  is  devoid  of  a  nucleus  and  contractile 
vesicle,  and,  indeed,  of  any  organs  or  specialised  parts  of  any 
kind.  From  this  nnjformity  in  its  composition  there  seems 
some  reason  to  conclude  that  the  Foraminifera — in  spite  of  the 
complexity  and  mathematical  regularity  of  many  of  their  shells 
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— should  be  looked  upon  as  the  lowest  fonns  of  the  Rkizopoda, 
or  even  of  the  Ptitizoi 

The  pseudopodia  in  all  the  Foraminifera  (fig.  4,  b,  c)  are  fila- 
mentous and  protrusible  to  a  great  length,  and  they  possess  the 
singular  property  of  uniting  together  in  various  directions  so 
as  to  form  a  kind  of  network,  like  an,  "animated  spider's 
web  {Hence  the  name  Retkulosa  appHed  to  the  order  by 
Dr  Carpenter )  Thib  property,  however,  is  not  peculiar  to 
members  of  this  order  but  is  seen  also  in  Actinophrys  and  in 
the  Tkalusicolliia  though  to  a  less  extent.  Further,  through- 
out the  entire  network  formed  by  the  inosculating  pseudo- 
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podia  there  is  a  constant  circulation  of  granules  in  difi"erent 
directions.  This  singular  phenomenon  is  in  many  respects 
analogous  to  the  circulation  of  granules  which  is  seen  in 
many  vegetable  ceUs,  and  it  is  believed  by  Dr  Carpenter  that 
"the  conditions  of  the  two  sets  of  phenomena  are  essentially 
the  same." 

The  shells  of  Foraminifera  may  be  classed  in  three  divisions, 
termed  respectively  the  " porcellanous,"  the  "hyaline"  or 
"vitreous,"  and  the  "arenaceous."  The  porcellanous  shell  is 
quite  homogeneous  in  its  composition,  is  opaque-white  when 
seen  by  reflected  light,  and  is  not  perforated  by  pseudopodial 
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foramina.  In  these  forms  {e.g.,  Miliela,  fig.  4,  b)  the  pseudo- 
podia  are  emitted  solely  from  the  mouth  of  the  last-formed 
segment  of  the  shell.  The  vitreous  shell  is  transparent  and 
glassy  in  texture,  and  its  walls  are  perforated  by  numerous 
pseudopodial  apertures.  The  arenaceous  shell  is,  properly 
speaking,  not  a  true  shell  secreted  by  the  animal,  since  it  is 
s!ra])ly  composed  of  particles  of  sand  united  together  by  some 
unknown  cement.  Its  walls  may  or  may  not  be  traversed  by 
pseudopodial  foramina. 

As  regards  the  form  of  the  shell,  the  Foraminifera  may  be 
conveniently,  though  arbitrarily,  divided  into  two  sections ; 
the  Monothalamia  and  the  Polyihalamia.  In  the  first  of  these 
sections  (fig,  4,  a),  comprising  the  so-called  "  simple  "  or  "  uni- 
locular "  Foraminifera,  the  shell  consists  of  a  single  chamber, 
and  the  animal  is,  in  fact,  nothing  more  than  a  little  mass  01 
sarcode  enveloped  in  a  calcareous  covering.  Lagena,  with  its 
beautiful  flask-shaped  shell,  may  be  taken  as  the  type  of  this 
division.  Another  well-known  unilocular  form  is  Entosolenia, 
which  is  like  Lagena  in  shape,  but  has  the  tubular  neck  reversed, 
so  as  to  be  inserted  into  the  interior  of  the  test.  In  the 
Polythalamia,  or  "multilocular"  Foraminifera,  the  shell  is 
composed  of  many  chambers  separated  from  one  another  by 
divisional  wails  or  "  septa  "  (fig,  4,  c,  d,  c),  each  of  which  is  per- 
forated by  one  or  more  openings,  "  septal  apertures,"  by  means 
of  which  the  sarcode  occupying  the  different  chambers  is 
united  into  a  continuous  and  organic  whole,  the  connecting 
bands  being  called  "stolons."  Complex  as  their  structure 
often  is,  the  compound  Foraminifera  are,  nevertheless,  formed 
by  a  process  of  continuous  gemmation  or  budding  from  a 
single  "primordial  segment"  in  every  respect  identical  with 
the  permanent  condition  of  a  simple  species.  They  commence 
their  existence,  therefore,  as  Monothalamia,  and  are  converted 
into  Polyihalamia  merely  by  a  process  of  "  vegetative  "  or  "  irre- 
lative repetition."  As  their  development  proceeds,  the  primitive 
mass  of  sarcode,  or  "primordial  segment,"  throws  out  fresh 
segments  in  the  form  of  buds  according  to  a  determinate  law; 
and  it  is  upon  the  direction  in  which  these  segments  are 
evolved  that  the  ultimate  form  of  the  shell  depends.  The 
more  important  variations  in  this  respect  are  as  follows  : — If 
the  additional  segments  are  added  to  the  primordial  chamber 
in  a  linear  series,  so  as  to  form  a  straight  or  slightly  curveil 
line,  we  obtain  respectively  a  Nodosaria  (fig.  4,  d,  e)  or  a  Dm- 
talina.  When  the  new  chambers  are  added  in  a  spiral  direction, 
each  behig  a  little  larger  than  the  one  which  preceded  it,  and 
the  coils  of  the  spiral  lying  in  one  plane,  then  we  get  the  "  nauti- 
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loid"  shell,  so  common  amongst  the  Foraminifera  (fig.  4,  c). 
This  type  of  shell  is  so  closely  similar  to  the  sliape  of  the  Pearly 
Nautilus,  that  the  older  naturalists  were  iong  in  the  habit  of 
classing  these  forms  along  with  the  Cephalopoda,  or  Cuttle- 
fish order.  In  the  true  nautiioid  shell  the  convolutions  of  the 
spiral  lie  in  a  single  plane,  as  in  Rotalina,  and  the  shell  is  said 
to  be  "  equilateral,"  In  other  cases,  however,  the  spiral  passes 
obliquely  round  a  central  axis,  and  the  shell  becomes  conical 
or  turreted,  when  it  is  said  to  be  "  inequilateral "  or  "  trochoid." 
In  other  forms,  such  as  NummuUtes  (fig.  5)  and  OrhUoUtes,  the 
structure  of  the  shell,  though  regular,  is  much  more  compli- 
cated. Besides  these  symmetrical  forms,  there  exist  others  in 
which  the  arrangement  of  the  segments  is  very  irregular,  as  is 
seen  in  Globigerina,  AcervuUna,  Sec.  (fig,  4,  f). 

Besides  the  true  pseudopodial  foramina  with  which  the  walls 
of  the  test  in  most  of  the  Foraminifera  are  pierced,  there  exists 
in  some  forms  an  additional  system  of  complicated  branching 
and  anastomosing  tubes,  which  are  distributed  between  the 
laminse  of  the  shell,  and  establish  a  communication  between  its 
external  and  internal  surfaces. 

Classification  of  Foraminifera. — The  classification  of 
the  Foraminifera  has  hitherto  proved  a  matter  of  extreme  diffi- 
culty, and  probably  none  of  the  arrangements  as  yet  proposed 
can  be  considered  as  more  than  provisional.  The  following  is 
the  classification  adopted  by  Dr  Carpenter,  who  is  one  of  the 
greatest  living  authorities  upon  the  group  : — 

Order  Ret  icu  LOS  A.  (  =  Foram!NIFERA.) — Rhizopods  show- 
ing no  differentiation,  or  a  very  imperfect  one,  into  eetesarc  and 
endosarc;  no  nucleus  or  contractile  veside ;  psettdopodia  filament- 
ous, minutely  subdivided,  and  inosculating  freely  to  form  a  net- 
Section  r.  !mperforata.—  'Eavt\opt  membranous  or  calca- 
reous, die  walls  not  perforated  by  apertures  for  the  pseudo- 
podia,  which  are  emitted  solely  from  the  single  or  multiple 
aperture  of  the  shell. 

Families,  r.  Gromida.     Test  membranous. 

2.  Miliolida.     Test  porcellanous. 

3.  Lituolida.     Test  a 


Section  2.  Perforata. — Envelope  calcareous  (hyali 
reous)  or  rarely  arenaceous,  its  walls  traversed  by 
foramina  for  the  emission  of  pseudopodia. 

The  following  classifications  by  D'Orbigny  and  Schultze 
founded  merely  upon  the  form  of  the  shell,  and,  as  suchj 
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purely  arbitrary.     Of  tiie  two,  Schultze's  arrangement  is  pro- 
bably the  more  satisfactory. 

Table  of  D'Orbigny's  Akrakgement  of  the  Foraminifera. 

Order  i.  Monaslega. — Body  consisting  of  a  single  segment ;  the  shell  of 
a  single  chamber. 

Orda-2.  Stkhsstega. — Segments  arranged  in  a  single  row,  in  a  straight 
or  slightly  curved  line. 

Order  3.  Hdicoslega. — Segments  arranged  in  a  spiral,  the  shell  forming  a 
number  M  convolutions.     (The  "nautiloid"  Foraminifera^ 

Order  ^  Etriomostega. — Segments  arranged  on  two  alternating  ases, 
forming  a  spiral. 

Order  5.  Ensllosliga. — Segments  arranged  on  two  or  three  alternating 

Order  6.  Agalhisiega. — Chambers  wound  round  an  axis,  each  segment 
embracing  half  the  entire  cjrcimiference. 

Table  of  Schultze's  Arrangembnt  of  the  Foraminifera. 
Section  I.  Hdiiotdea, — Segments  arranged  in  a  convolute  series. 
Section  3.  Rhabdoidea- — Segments  placed  in  adirect  line. 
Section  3.  Jiiraifl^— Segments  disposed  in  an  irregular  manner. 

Affinii'ies  of  Foraminifera. — ^The  Foraminifira  are  re- 
lated on  the  one  hand  to  the  Amxbea,  and  on  the  other  to  the 
Spongida.  From  the  former  the  "  unilocular "  Foraminifera 
differ,  both  in  the  possession  of  an  external  envelope,  and  in 
the  much  Jess  highly  difEerentiated  characters  of  their  sarcode ; 
but  the  points  of  resemblance  are  obvious,  and  in  such  forms 
as  Adinophrys  and  Lieberkuhnia  we  are  presented  with  an  ap- 
parent transition  between  the  two  orders.  From  the  shelled 
Anuebea,  such  as  Arcella,  the  Foraminifera  are  broadly  separ- 
ated by  the  absence  in  the  forme*  of  pseudopodial  pores,  and 
are  fundamentally  distinguished  by  the  different  nature  of  the 
sarcode-body. 

To  the  Sponges  the  Foraminifera  are  related  in  various 
ways,  one  of  the  most  striking  links  being  found  in  Carpenteria, 
a  singular  attached  form  of  Foraminifer.  The  shell,  namely, 
of  Carpenteria  is  conical  and  calcareous,  composed  of  an  aggre- 
gation of  chambers  arranged  in  a  spiral,  and  having  its  walls 
perforated  by  numerous  foramina  of  minute  size.  The  interior 
of  the  chambers,  however,  is  filled  with  "  a  fleshy,  sponge-like 
body,"  strengthened  by  numerous  spicula.  Another  curious 
link  between  the  Foraminifera  and  the  Sponges  is  the  Squa- 
vtulina  scopula  of  Carter,  which  is  truly  a  Foraminifer,  though 
originally  referred  to  the  latter.  It  consists  of  an  arenaceous 
test,  forming  a  pedestal  surmounted  bj'  an  obversely  conical 
column.  Both  pedestal  and  column  are  more  or  less  perfectly 
chambered,  and  are  filled  with  semi-transparent  yellowish  sar- 
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code.  At  the  summit  of  the  column  is  a  minute  aperture  sur- 
rounded by  a  brush  of  spicules,  and  the  whole  structure  is  fixed 
by  the  pedestal  to  some  solid  object. 

To  die  Polycystina,  the  Foraminifera  are  obviously  and 
closely  allied.  They  agree  in  the  nature  of  the  sarcode-body, 
in  the  filamentous,  inosculating  pseudopodia,  and  in  the  phe- 
nomenon of  a  pseudopodial  circulation  of  granules.  They 
differ  solely  in  the  nature  of  the  "  test,"  which  is  calcareous  or 
arenaceous  in  the  Foraminifera,  but  is  always  siliceous  in  tlie 


Bathybius,  Coccoliths,  and  Coccospheres. — It  may  be 
as  well  to  notice  here  a  singular  organism  which  is  certainly 
referable  to  the  Rhisopoda,  though  its  exact  affinities  are 
doubtful.  Certain  minute  oval  or  rounded  bodies  have  long 
been  known  as  occurring  attached  to  the  surface  of  the  shells 
of  Foraminifera,  and  they  were  originally  described  by  Pro- 
fessor Huxley  under  the  name  of  coceolit}is.  Subsequently  it 
was  discovered  by  Dr  Wallich  that  these  singular  bodies  occur 
not  only  in  the  free  condition,  but  also  attached  to  the  external 
surface  of  little  spherical  masses  of  sarcode  to  which  he  gave 
the  name  of  coccospheres.  The  coccospheres  are  enclosed  in  a 
delicate  envelope  apparently  of  a  calcareous  nature,  and  are 
studded  at  nearly  regular  intervals  by  the  coccoliths.  More 
recently  still,  it  has  been  discovered  hy  Professor  Huxley  that 
both  the  coccdiths  and  the  coccospheres  are  embedded  in  masses 
of  protoplasmic  or  sarcodic  substance,  covering  wide  areas  of 
the  sea-bottom,  to  which  they  bear  the  same  relation  that  the 
spicules  of  sponges  or  of  Radiotaria  do  to  the  soft  parts  of 
these  animals.  To  this  undefined  and  diffused  protoplasm 
with  its  contained  coccolitlis  and  coccosptieres  the  name  Bathybius 
has  been  applied  by  Professor  Huxley.  Its  exact  position,  as 
already  said,  is  doubtful ;  but  it  is  believed  by  Dr  Carpenter  to 
be  a  rudimentary  form  of  the  Foraminifera,  and  to  be  somewhat 
allied  to  the  ancient  EozoSn.  A  curious  point  as  regards  the 
coccoHths'h.s.s  recently  been  brought  to  light  by  Dr  Gurabel,  the 
celebrated  palaeontologist,  who  believes  that  he  has  succeeded 
in  demonstrating  in  them  the  existence  oi  cellulose,  or  of  some 
substance  closely  allied  to  cellulose.  He  has  also  shown  that 
bodies  similar  to,  if  not  identical  with,  coccoliths,  occur  in  for- 
mations as  old  as  the  Potsdam  Sandstone  (Lower  Silurian)  of 
North  America.  More  recently  still,  Mr  Carter  has  shown  that 
coccoliths  occur  in  great  numbers  in  the  Laminarian  zone,  and 
he  asserts  them  to  be  solitary,  unicellular,  calcareous  Algae. 
He  describes  them  under  the  name  of  Melobesta  unicellularii 
and  M.  discus,  according  as  they  are  oval  or  round ;  and  he 
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believes  that  the  coccospheres  are  most  probably  their  "  sjK»r- 
angia."  Upon  this  view  the  term  "  coccoliths  would  be  re- 
stricted to  the  fossil  forms. 

Distribution  of  Foraminifera  in  Space. — -The  Foramini- 
fera  are  mostly  marine,  and  are  found  in  almost  all  seas,  though 
more  abundantly  in  those  of  the  warmer  parts  of  the  globe. 
It  is  concluded  by  Dr  Carpenter  that  "the  foraminiferous 
fauna  of  our  own.  seas  probably  presents  a  greater  range  of 
variety  than  existed  at  any  preceding  period  ;  but  there  is  no 
indication  of  any  tendency  to  elevation  towards  a  higher  type." 
One  of  the  most  remarkable  facts  about  their  distribution  at 
the  present  day,  is  the  existence  of  a  deposit  at  great  depths 
in  the  Atlantic,  but  only  in  areas  traversed  by  heated  currents, 
formed  almost  entirely  of  the  shells  of  Foraminifera,  and  very 
closely  resembling  chalk.  It  has  further  "been  quite  recently 
established  that  there  coexist  with  these  Foraminifera  various 
animals  of  a  higher  grade,  some  of  which  closely  resemble,  or 
are  even  specifically  inseparable  from,  well-known  Cretaceous 
species.  There  is  tiierefore  some  reason  to  conclude  ihat  the 
bottom  of  the  sea  at  great  depths  is  peopled  at  the  present  day 
by  a  fauna  which  is  very  closely  allied  to  that  of  the  Chalk. 
Most  living  Foraminifera  are  very  minute,  but  some  of  the 
extinct  forms  attained  a  size  of  as  much  as  three  inches  in 
circumference  (e.  g.,  the  NummuUte,  fig.  5),  and  spheres  of 
Parkeria  may  attain  a  circumference  of  nearly  four  inches. 
Some  forms  may  be  obtained  adhering  to  the  roots  of  tangle 
at  or  near  low-water  mark,  but  they  are  mostly  to  be  dredged 
from  tolerably  deep  water.  They  have  been  found,  in  fact,  in 
great  abundance  in  the  deepest  parts  of  the  ocean  which  have 
as  yet  been  examined  by  the  dredge — -at  a  depth,  namely,  of 
nearly  three  miles. 

Distribution  of  Foraminifera  in  Time. — Remains  of 
Foraminifera  have  been  found  in  Palaeozoic,  Mesozoic,  and 
Kainozoic  formations.  In  the  oldest  stratified  rocks  with 
which  we  are  acquainted — viz.,  the  Laurentian  rocks  of  Canada 
— there  occurs  a  singular  body  which  has  been  described  as  the 
remains  of  a  gigantic  Foraminifer,  under  the  name  of  Fozoon 
Canadense.  If  truly  organic,  as  is  doubted  by  some,  it  is  the 
oldest  fossil  as  yet  discovered.  It  appears  to  have  grown  in 
reef-like  masses  resembling  the  sessile  patches  df  Polytrema* 

'  Folylrema  is  a  liule  branched  eora!-like  Foraminifer,  composed  of  a 
calcareous  test  forming  a  numberof  inegnlar  chambers,  which  communicate 
with  one  another  by  wide  orilices,  and  are  Riled  with  colourless  sarcode. 
The  walls  of  the  chambers  are  also  penetrated  by  an  extensive  system  of 
capillary  canals. 
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and  Carpenleria,  to  both  of  which,  as  well  as  to  the  extinct 
NummulUes,  it  st.'ows  i  decided  affinity  In  the  bilunan  rocks, 
remains  ai Foraminifera,  some  of  which  are  apparently  identi- 
cal with  existing  forms  have  been  detec'ed  in  vanoub  places, 
and  it  is  not  improbable  that  the  lai^e  bilunan  fossils  known  as 
Reeepiaculites  and  Stromatopgra  should  really  be  referred  to  this 
order.  '  In  the  Carboniferous  rocks  of  Russia  whole  beds  are 
composed  of  a  species  of  Fusuhna  In  the  Secondary  rocks 
Foraminifera  occur  in  great  abundance,  the  widel)  spread  for- 
mation known  as  the  Chalk  being  crowded  with  these  organ- 
isms. Chalk  itself,  in  fact,  is  alrao'^t  entirely  composed  of  the 
cases  o{ Foraminifera,  ^lome  ofwhich  are  identical  with  species 
now  existing 


In  the  Tertiary  rocks  tlie  Fotamimftta  attain  their  n 
of  development,  both  as  regards  the  size  and  the  number  of 
the  forms  which  fharactense  them.  The  penod  of  the  Middle 
Kocene  is  especially  distinguished  by  a  very  widely  spread  and 
easily  recognised  rock  known  as  the  Nummulitic  Limestone, 
so  called  from  the  abundance  in  it  of  a  large  coin-shaped  For<i- 
minifer  termed  the  NummuHte  (fig,  5).  The  Nummulitic  Lime- 
stone stretches  from  the  west  of  Europe  to  the  frontiers  of 
China;  but  in  some  cases,  in  place  of  NummulUes  proper,  it 
contains  the  remains  of  a  mimetic  form  termed  Orbiioides. 
Upon  the  whole,  Dr  Carpenter  concludes  that  "  there  is  no 
evidence  of  any  fundamental  modification  or  advance  of  the 
foraminiferoos  type  from  the  Paljeozoic  period  to  the  present 
time." 
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CHAPTER     IV. 
RADIOLARIA. 

Order  IV.  Radiolaria.  —  The  order  Radiolaria  was 
founded  by  Miiller  to  include  the  Polycysiina,  the  Acanthomtt- 
rina,  and  the  ThalasskoUida,  to  which  Dr  Carpenter  adds 
Actitwphrys  and  its  aUies,  chiefly  on  account  of  the. form  of  the 
pseudopodia.  Here,  however,  the  term  will  be  employed  to 
designate  tlie  first  three  of  these,  and  Actinophrys  will  be 
placed  amongst  the  Amxhea,  to  which  its  alliance  appears  to  be 
more  decided.  Most  of  the  Radiolaria  are  marine,  but  some 
few  fomis  of  Tlialassicollida  have  been  described  as  occurring 
in  fresh  water. 

The  order  Radiolaria  may  be  defined  as  comprising  those 
Rhizofods  which  possess  a  siliceous  test  or  siliceous  spicules,  and 
are  provided  with  pseudopodia  which  stand  out  like  radiating fila- 
ments,  and  occasionally  run  into  one  another. 

I.  Family  Acanthometeina. — The  Acantfwmetra  (fig.  6,  a) 
are  all  minute,  and  are  found  floating  near  the  surface  in  the 
open  ocean,  sometimes  in  great  numbers.  They  consist  of 
sarcode-bodies  which  are  supported  by  a  framework  of  radiat- 
ing siliceous  spines,  the  extremities  of  which  usually  project 


considerably  beyond  the  body.  The  substance  of 'the  body 
admits  of  division  into  an  outer  membranous  layer,  or  "  ecto- 
sarc,"  and  an  internal  granular  layer,  or  "endosarc."  The 
siliceous  spines  are  hollow,  being  grooved  at  the  base  by  a 
gutter,  which  is  continued  further  up  the  spine  by  a  canal  ter- 
minating at  the  apex  of  the  si)ine  by  a  distinct  aperture.     The 
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spines,  in  consequence  of  this  structure,  are  able  to  serve  for  the 
transmission  of  the  pseudopodia,  which  gain  the  exterior  by 
running  through  the  canais  and  escaping  at  their  apices.  Many 
of  the  pseudopodia,  however,  do  not  occupj'  the  canals  of  the 
spines. 

II.  Fam.  Polycystina.— The  members  of  tliis  family  are 
closely  related  to  the  Foraminifera,  differing  from  them  chiefly 
in  the  fact  that  their  shells  are  composed  of  flint  instead  of 
carbonate  of  lime,  as  in  most  of  the  latter.  They  possess  a 
body  of  sarcode,  which  is  enclosed  in  a  foraminated  siliceous 
shell,  which  is  often  furnished  with  spine-like  processes,  and  is 
usually  of  great  beauty  (fig.  6,  b).  The  sarcodlc  substance  of 
tlie  body  is  olive-brown  in  colour,  with  yellow  globules,  and 
often  does  not  entirely  fill  the  shell.  The  pseudopodia  are 
emitted  through  the  foramina  in  the  test,  and  are  long,  ray-like 
filaments,  which  display  a  slow  movement  of  granules  along 
their  borders. 

The  Polycystina  are  all  microscopic,  and  are  all  inhabitants 
of  the  sea,  having  a  very  wide  distribution.  They  are  also 
found  abundantly  in  certain  Tertiary  deposits,  being  often  er- 
roneously described  as  Dialomacem. 

III.  Fam.  Thalassicollida. — The  ThaIassicoUida\ia.\e'\if:f:n 
defined  as  being  Rhisopoda  whick  are'^ provided  with  structureless 
cysts  containing  cellular  elements  and  sarcode,  and  surrounded 
by  a  layer  of  sarcode,  giving  off  pseudopodia,  ii'Aich  commonly 
stand  out  like  rays,  but  may  and  do  run  into  one  another,  and  so 
form  networks." — (Huxley.) 

The  Thalassieollida  may  be  simple  or  composite,  the  latter 
consisting  essentially  of  aggregations  of  the  former;  whilst 
these  are  fundamentally  composed  of  a  mass  of  granular  pro- 
toplasm, containing  a  nucleus,  but  without  a  contractile  vesicle, 
"  enclosed  in  a  membranous  capsule,  which  is  in  turn  protected 
by  a  more  or  less  thick  gelatinous  exudation,  whilst  numerous 
sarcobksts  occur  scattered  through  the  endosarc,  and  occa- 
sionally a  few  may  be  seen  suspended  within  the  external  gela- 
tinous stratum." — (Wallich.)  The  whole  oi^anism  is  supported 
by  more  or  less  extensively  developed  skeletal  structures.  The 
skeleton  may  be  simple,  consisting  of  a  delicate  fenestrated 
shell ;  or  may  be  compound,  consisting  of  a  number  of  spicular 

The  three  best-known  genera  of  the  family  are  Sphceroeoiin!, 
Collasphara,  and  Thalassicolla.  They  are  all  marine,  being 
found  floating  passively  at  the  surface  of  most  seas ;  and  they 
vary  in  size  from  an  inch  in  diameter  downwards.  Spharozoum 
i  essentially  of  a  ni:mber  of  spherical  sarcode-bodies 
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(sometimes  called  "ceUseform  bodies")  with  distinct  nuclei, 
surrounded  by  a  zone  of  siliceous  spicules,  the  whole  being 
embedded  in  a  common  gelatinous  matrix.  The  centre  of  the 
mass  is  vacuolated,  sometimes  to  such  an  extent  that  it  be- 
comes a  hollow  sphere. 

In  CoUosphisra,  the  spherical  body — which  is  very  like  that 
of  the  preceding  form — is  enclosed  in  a  transparent  siliceous 


envelope,  which  is  perforated  by  numerous  rounded  apertures 
or  "  fenestra."  This  form,  therefore,  approaches  very  closely 
to  the  Polycystina,  especially  to  those  in  which  the  foramina 
are  so  lai^e  that  the  test  is  reduced  to  a  mere  reticulate  frame- 
work (fig.  7,  a). 

TlialassicoUa  differs  little  from  either  of  the  above  in  fun- 
damental structure,  but  it  contains  a  number  of  compound 
siliceous  spicules  embedded  in  its  ectosarc  (fig.  7,  b). 


CHAPTER     V. 
SPONGIDA. 

Okder  V.  Sposgida. — The  true  nature  of  sponges  has  long 
been  a  matter  of  dispute,  but  tliey  are  now  almost  universally 
referred  to  the  animal  kingdon,  and  placed  either  in  or  near 
"Ca^  Rhizopoda.  Some  observers  still  maintain  the  vegetable 
nature  ol  sponges,  but  this  opinion  has  no  real  grounds  for  its 
support,  and  is  chiefly  founded  upon  loose  analogies,  and  upon 
a  certain  similarity  in  outward  form. 

The  Spongida  may  be  defined  as  "  sarcode-bodies,  destitute  of 
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a  mouth,  and  united  into  a  composite  mass,  whith  is  traversed  by 
canals  opening  on  the  surface,  and  is  almost  always  supported 
by  a  framework  of  horny  fibres,  or  of  siliceous  or  calcareous 
spicula. "— { AUman. ) 

From  the  above  definition  it  will  be  seen  that  a  sponge 
is  composed  essentially  of  two  elements — a  soft,  gelatinous, 
investmg  "Hcsh,"  and  an  internal  supporting  framework  or 
"  skeleton." 

Taking  an  ordinary  homy  sponge  as  the  type  of  the  order, 
we  find  it  to  be  composed  of  a  skeleton  (fig.  9,  d)  of  horny 
reticulated  fibres  which  interlace  in  every  direction,  and  are 
pierced  by  numerous  apertures,  the  whole  surrounded  exter- 
nally and  internally  by  a  gelatinous  glairy  substance,  like  white- 
of-e^,  the  so-called  "sponge-flesh."  The  homy  skeleton  is 
composed  of  a  substance  called  "keratode,"  and  is  usually 
strengthened  by  spicula  of  lime  or  flint,  which  also  occur  less 
abundantly  in  the  sponge-flesh.  These  must  not,  however,  be 
confounded  with  the  skeleton  of  the  true  calcareous  or  siliceous 
sponges  in  which  the  keratode  is  wanting.  Of  the  apertures 
which  penetrate  the  substance  of  the  sponge  in  every  direction, 
some  are  lai^e  crateriform  openings,  and  are  termed  "  oscules," 
or  "exhalant  apertures;"  whilst  others,  which  occur  in  much 
greater  numbers,  are  greatly  smaller  in  size,  and  are  termed 
"pores,"  or  "inhalant  apertures."  Both  the  oscula  and  pores 
can  be  closed  at  the  will  of  the  animal ;  but  the  oscula  are 
pennanent  apertures,  whereas  the  pores  are  not  constant,  but 
can  be  formed  afresh  whenever  and  wherever  required.  'I'hc 
"  sponge-flesh,"  which  invests  the  entire  skeleton,  is  found 
upon  a  microscopical  examination  to  be  entirely  composed  of 
an  aggregation  of  rounded  amcebiform  bodies — the  so-called 
"sponge-particles"  or  "sarcoids"  (fig.  1,  c,  d,  e).  Some  of 
these  are  ciliated ;  whilst  others  are  capable  of  emitting  pseu- 
dopodi^  from  all  parts  of  their  surface,  and  are  provided  with 
nuclei,  thus  coming  closely  to  resemble  so  many  Aniwbcs.  Re- 
garding toe  skeleton  as  something  superadded,  we  may,  in  fact, 
look  upon  a  sponge  as  being  essentially  nothing  more  than  an 
aggregation  of  Ammb<s,  since  each  "  sarcoid "  is  capable  of 
procuring  and-  assimilating  food  for  itself  in  a  manner  strictly 
analogous  to  what  we  have  seen  in  the  Amaba.  This  view 
becomes  still  more  easily  comprehensible  when  we  consider 
the  simplest  condition  in  which  a  sponge  occurs  in  nature  (as 
exemplified,  for  instance,  in  certain  of  the  Cakispongia);  the 
condition,  namely,  in  which  the  entire  sponge  consists  of  a 
colony  of  amcebiform  sarcoids,  secreting  a  common  skeleton, 
but  provided  with  only  a  single  "  osculum,"  and  a  greater  or 
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constituted  bj  the  o^cula  md  pores — already  alluded  to — and 
t)>  -i  system  of  c-inals  excavated  in  the  substance  ot  the 
sponge  ind  i  nit  ni^  the  two  sets  of  aperturef.  The  witer 
passes  in  by  the  jores  or  inhalant  apertures  and  is  con 
veyed  by  a  series  of  canalt, — the  ineurrent  or  ifferent 
tinals— to  a  second  series  ot  tuVes — the  excurrent  or 
efferent  cinals — by  which  it  reaches  the  oscula  and  is 
hnally  «\pelled  from  the  bod)  These  processes  are  regularly 
performed  and  their  mechanism  wis  long  i  subjLCt  of  specu 
Ktion  It  IS  now  known  howeier  that  beneath  the  superii 
Lial  layer  or  dermal  membrane  of  the  sponge  there  CJiist 
ehambers  lined  with  sponge  particles  which  are  pro\ided 
with  vibratile  filaments  or  cilia  (fig  Sec)  The  pores  open 
into  these  chambers  and  from  them  proceed  the  ineurrent 
canals  each  being  diHted  iX  its  commencement  into  i  sac 
which  n  also  1  ned  with  ciliated  sponge  partides  By  the 
\  Lratile  artion  of  these  cthi,  currents  of  water  are  caused  to 
set  in  by  the  pores  -ind  as  out  gomg  currents  proteed  from 
the  oscula  a  constant  circulation  of  fresh  water  is  maintained 
through  the  entire  sponge.  In  this  way  each  individual 
sponge-particle  is  enabled  to  obtain  nutnment ;  the  process 
being  at  the  same  time  not  improbably  a  rudimentary  form  of 
respiration.     The  chambers  or  sacs  lined  with  ciliated  sarcoids 
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have  been  shown  by  Mr  Carter  to  be  the  essential  element  in 
the  organisation  of  the  fresh-water  and  marine  sponges,  and  to 
be  the  fundamental  expression  of  the  alimentary  system. 

The  reproduction  of  sponges  may  be  effected  either 
asexually  or  sexually,  the  following  being  a  brief  outlme  of 
the  phenomena  which  have  been  observed  in  the  common 
fresh-water  sponge  {SpongUia),  in  which  the  process  has  been 
most  accurately  noticed. 


;.  o— a  Gemmule  of  Sfongilla;  h  Hjluia;  } DiagraiDmatic  section  of  ihe  gein- 
nult,  ahomLng  Ihe  outer  layer  rf  amphidiaca  and  the  LDner  mass  of  OEJis ;  e  Ono 
if  the  ampliidiscB  seen  in  profile ;  d  Fragment  of  the  skeleion  of  a  homy  aporE= 
lafter  Bnnerbcink).  showing  the  inieilacing  homy  fibres  with  spicjila.     All  much 


In  the  first  or  asexual  method  of  reproduction,  which  takes 
place  in  the  winter,  the  deeper  portions  of  the  sponge  are 
found  to  be  filled  with  small  seed-like  rounded  bodies,  termed 
"gcmmules"  or  "spores,"  each  of  which  possesses  a  small 
aperture  or  "  hilum"  at  one  point  (fig.  9,  h).  Each  gemmule 
is  composed  of  an  outer  coriaceous  capsule  surrounded  by  a 
layer  of  peculiar  asteroid  spicula,  resembling  two  toothed 
.wheels  united  by  an  axle,  and  termed  "  amphidiscs "  (fig.  g,  b, 
c).  These  amphidiscs  are  embedded  in  sarcode,  whilst  their 
inner  surfaces  rest  upon  the  tesselated  capsule  already  men- 
tioned. In  the  interior  of  the  capsule  thus  formed  is  a  mass 
of  cells,  of  which  the  central  ones  contain  numerous  germs. 
When  the  •spring  comes,  these  masses  of  "ovi-bearing  cells" 
are  discharged  through  the  "  hilum  "  of  the  gemmule  into  the 
water,  and  are  developed  into  new  SpongUlx. 

Sfongilla  also  appears  to  reproduce  itself  in  a  somewhat  ana- 
logous manner  by  means  of  what  are  termed  "swarm-spores." 
These  are  small  bodies,  containing  reproductive  germs,  and 
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provided  with  numerous  cilia  by  which  they  move  about  actively, 
becoming  finally  attached  to  some  solid  bodjf,  and  developing 
themselves  into  the  adult  sponge. 

In  the  second  or  sexual  method  of  reproduction,  certain  of 
the  sponge-parricles  or  "  sarcoids "  separate  themselves  and 
become  nucieoio-nucleated,  thus  coming  to  resemble  ova.  At 
the  same  time  other  sarcoids  become  motionless,  and  their 
contents  become  molecular,  and  are  finally  converted  into  sper- 
matozoa. By  the  rupture  of  these,  and  by  the  consequent 
contact  of  the  different  elements,  embryos  are  produced, 
which  are  at  first  ciliated  and  move  about  freely,  becoming 
eventually  stationary,  and  developing  into  new  individuals. 

Classification  of  the  Sponges. — ^The  Spongida  have  been 
variously  classed,  and  a  good  natural  arrangement  is  still  a 
desideratum.  By  Dr  Bowerbank  they  are  somewhat  arbi- 
trarily arranged  in  three  orders — viz.,  the  Keratosa,  the  Silkea, 
and  the  Caicarea,  of  which  the  first  is  believed  to  hold  the 
lowest  place.  In  the  Keralosa  the  skeleton  is  composed  of 
interlacing  horny  fibres,  usually  strengthened  by  spicula  either 
of  flint  or  lime.  In  the  Calcarea  or  Calcis^ngia  the  skeleton 
is  composed  of  carbonate  of  lime ;  whilst  in  the  Silkeons 
sponges  it  is  composed  either  of  spicules  of  silex,  or  "of  solid, 
laminated,  and  continuous  siliceous  fibre."  By  Professor  \Vy- 
ville  Thomson  the  siliceous  sponges  are  arranged  in  a  separate 
order  under  the  name  of  the  "  vitreous  sponges  "  (  Vitrea).  The 
nature  of  the  skeleton  thus  varies  considerably,  whilst  the  spi- 
cules show  almost  indefinite  modifications  of  shape,  though 
they  are  constant  for  any  given  species,  in  any  given  part  of 
its  oi^nisation.  The  sponge-flesh  is  much  more  uniform  in 
its  nature  and  composition.  It  may  be  noticed  however,  that 
in  Spongilla  the  sponge-particles  are  filled  with  green  granules, 
which  are  apparently  identical  in  chemical  composition  with 
the  green  colouring  matter  of  plants  {chlorophyll)  In  Graniia, 
too,  the  sarcoids  are  furnished  with  long  filamentous  append- 
ages or  cilia  {fig.  z,  d).  The  siliceous  sponges  are  mostly  in- 
habitants of  the  deep  sea,  and  many  of  them  are  remarkable 
for  their  long  and  slender  spicules  of  ilint.  In  HyaloTiema,  or 
the  glass-rope,  long  placed  amongst  the  Zoophytes  (Zoantharia 
sclerobasica),  there  is  a  cup-shaped  sponge-body,  supported  by  a 
rope  of  long  twisted  siliceous  fibres,  which  are  sunk  in  the  mud 
of  the  sea-bottom.  In  other  "anchoring  sponges,"  such  as 
Pheronema  and  Holtenia,  the  body  is  sessile  or  stemless,  and  is 
moored  to  the  mud  by  a  beard  of  long  delicate  spicules.  These 
sponges,  in  their  single,  long,  chimney-like  osculum,  show  a 
curious  resemblance  to  the  fossil  Siphonius  of  the  greensatid. 
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Similar  root-fibres  of  flint,  traversing  the  mud  in  every  direc- 
tion, occur  in  the  beautiful  Venus'  Flower-basket  {EupUctelld), 
without  any  exception  one  of  the  most  exquisite  of  all  organic 
structures  known-  to  us. 

DisTRiBin-ioN  OF  Sponges  in  SPACE.^Sponges  are  almost 
exclusively  marine,  the  Spongilla  alone  being  inhabitants  of 
fresh  water ;  and  they  are  of  almost  universal  occurrence.  The 
sponges  of  commerce  are  mostly  obtained  from  the  Grecian 
Archipelago  and  the  Bahama  Islands.  Recently  the  existence 
of  numerous  siliceous  sponges  at  great  depths  in  the  ocean  has 
been  demonstrated  by  Drs  Carpenter  and  Wyville  Thomson. 
They  are  associated  with  numerous  Foraminifera  and  with 
Crinoidea,  the  whole  assemblage  bearing  a  singularly  close  re- 
semblance to  the  fauna  of  the  Cretaceous  epoch.  The  com- 
mon marine  sponges  are  mostly  found  attached  to  some  solid 
object  between  tide-marks  or  in  deep  water.  The  vitreous  or 
siliceous  sponges  appear  to  be  exclusively  inhabitants  of  the 
deeper  parts  of  the  ocean.  One  genus  {Cliona)  inhabits 
branching  cavities  in  shells,  which  the  sponge  excavates  for 
itself  apparently  by  means  of  its  siliceous  spicula.  Fossil 
shells  mined  by  a  bqring-sponge,  allied  to  the  recent  Clionm, 
ate  found  from  the  Silurian  rocks  upwards. 

Distribution  of  Sponges  in  Time, — Remains  of  sponges 
are  known  to  occur  in  formations  belonging  to-the  Palaeozoic, 
Mesozoic,  and  Kainozoic  epochs.  The  keratose  or  homy 
sponges  are  obviously  incapable  of  leaving  any  evidence  of 
their  existence,  otherwise  than  by  the  preservation  of  the 
spicula  with  which  the  skeleton  is  furnished;  and  such  are 
occasionally  found,  though  they  are  of  rare  ocoirrence.  The 
calcareous  sponges  are  found  from  the  Silurian  rocks  upwards, 
attaining  their  maximum  in  the  seas  of  the  Secondary  epoch, 
the  Chalk  being  especially  characterised  by  their  presence. 
The  most  important  group  of  fossil  sponges  is  that  known  as 
the  Petrosponpada,  characterised  by  the  possession  of  a  stony 
reticulate  framework  or  skeleton,  and  by  the  absence  of 
spicula.  The  most  important  genera  of  this  group  are  Spar- 
sispongia  (Devonian)  and  Vmtri<!uliUs  (Chalk).  ' 

Of  the  Palseozoic  sponges  Archaocyatktis  is  found  in  the 
Potsdam  sandstone  of  North  America  (Upper  Cambrian?); 
Palixospongia  and  Acanf/ ospongta  are  familiar  I,ower  Silurian 
forms;  and  Antphispon<ni  and  Faiospongia  occur  along  with 
other  forms  in  the  Ludlow  rocks  In  the  Devonian  rocks 
sponges  occur  pretty  frequently  Spaisispongia  htm^  the  com- 
monest genus.  (The  Devonian  Sie^^anmfteiium  is  really  the 
cephalic  buckler  of  a  pterasptdean  fish.)     The  most  important 
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Mesozoic  genera  of  sponges  are  VeiiirkuHtes  and  Sipho*. 
and  the  order  appears,  upon  the  whole,  to  attain  its  maxim 
in  the  Cretaceous  epoch.  There  seems  no  reason  to  doubt 
but  that  many  of  the  chalk-flints  owe  their  origin  to  sponges  ; 
and  in  some  sections  of  flint  are  found  minute  "  spherical  bodies 
covered  with  radiating  and  multicuspid  spines,"  which  have 
been  termed  Sfiniferites  or  Xanthidia,  and  are  probably  the 
"gemmules"  of  sponges.  (By  some,  however,  these  bodies  are 
regarded  as  being  the  "sporajigia"  of  Desmidta,  an  order  of 
tlie  Proiophyta.)  Many  Cretaceous  and  Tertiary  shells  are 
found  to  be  mined  by  a  species  of  boring-sponge,  which  is 
nearly  allied  to  the  recent  Cliona. 

Affinities  of  Sponges. — As  already  pointed  out,  the 
sponges  are  allied  both  to  the  Amaibea  and  to  the  Foraminifera. 
Indeed  the  individual  "sarcoids"  or  sponge-particles  can  scarcely 
be  distinguished,  when  detached,  from  Amceba.  The  sponges 
show  likewise  a  decided  relationship  to  the  Radiolaria;  and 
by  Professor  James-Clark  they  are  believed  to  be  nearly  allied 
to  the  "flagellate"  Infusoria.  This  observer,  in  fact,  states  his 
"  conviction  that  the  true  ciliated  Spongim  are  not  Rhizopoda  in 
any  sense  whatever,  nor  even  closely  related  to  them,  but  are 
genuine  compound  fiagdlate  Protozoa."  To  prove  this  view, 
however,  it  should  be  shown  that  each  sponge-particle  possesses 
at  any  rate  a  distinct  mouth,  with  or  without  a  rudimentary 
alimentary  canal.  More  recently  Dr  Ernst  Hasckel  and  others 
have  endeavoured  to  show  that  the  sponges  are  most  nearly 
allied  to  the  Sea-anemones  {Actinoeod) ;  but  this  seems  to  have 
arisen  from  a  misconception  as  to  the  compound  nature  of 
the  fonner.  Three  views,  namely,  may  be  held  as  to  the 
"individuality"  of  a  sponge.  Firstly,  it  may  be  held  that  the 
entire  oiganism  which  we  call  a  sponge  is  a  single  animal. 
The  microscope  has  rendered  this  view  wholly  untenable. 
Secondly,  it  may  be  held  that  the  entire  sponge-mass  is  a  single 
"zoological  individual,"  of  which  each  sarcoid  is  a  single 
"  zooid."  As  each  sponge-mass  is  certainly  in  most  cases  the 
product  of  a  single  ovum,  this  is  the  most  probable  and  reason- 
able view.  Thirdly,  it  may  be  held  that  each  sponge-raass 
consists  ofa  number  of  aggregated  "individuals,"  each  of  which 
is  constituted  by  a  single  exhalant  "  osculum,"  together  with 
the  greater  or  less  number  of  inhalant  "pores"  thereto  apper- 
taining. Upon  no  other  view  than  this  does  there  appear  to 
be  any  relation  of  affinity  between  the  sponges  and  the  Ctelen- 
teraia  ;  and  even  on  this  view  the  general  affinities  between  the 
two  are  not  ofa  very  striking  nature.  In  some  cases  {such  as 
"'a  amongst  the S7/rtJ/("r^/(e,  andSjfwm  and  Wf  amongst 
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the  Calcispongia)  the  adult  sponge  never  consists  of  more  than 
a  single  osculum  and  the  pores  belonging  to  it,  constituting  what 
Hffickel  terms  a  single  "person."  Most  sponges,  however, 
form  a  "stock,"  consisting  of  several  such  "persons"  united 
together. 


CHAPTER  VI. 

INFUSORIA. 

The  Infusoria  of  many  writers  comprise  many  of  the  lowest 
forms  of  plants— such  as  the  i?/<7fc«w— together  with  the  Hoti- 
fera,  a  class  of  minute  animals  now  known  to  belong  to  the 
Annuloida.  By  modern  writers,  however,  the  term  Infusoria 
is  used  strictly  to  designate  those  Pratozm  which  possess  a 
mouth  and  rudimentary  digestive  cavity.  They  are,  for  this 
reason,  often  called  collectively  the  "  stomatode"  Protozoa,  in 
contradistinction  to  the  remaining  members  of  the  sub-kingdom, 
which  are  all  " astomatous."  The  so-called  "suctorial"  Infit' 
soria  {^ActmtiR),  however,  appear  to  have  no  definite  oral  aper- 
ture; and  the  same  is  the  case  with  the  parasitic  Opalina, 
though  there  is  great  doubt  as  to  the  propriety  of  placing  this  in 
the  Infusoria  at  all.  The  name  Infusoria  itself  is  derived  from 
the  fact  that  the  members  of  the  class  are  often  developed  in 
organic  infusions. 

The  Infusoria,  or  Stomatode  Protozoa,  may  be  defined  as  Pro^ 
iozoa  which  are  mostly  provided  with  a  mouth  and  rudimentary 
digestive  ca:vity,  which  do  not  possess  the  power  of  emiiiing  pseu- 
dopodia,  but  which  are  furnislud  with  vibratUe  cilia,  or  with 
contractile  fUamenls.  They  are  mostly  microscopic  in  size,  and 
their  bodies  usually  consist  of  three  distinct  layers. 

The  Infusoria  may  be  divided  into  three  orders— viz., 
Suctoria,  Ciltata,  and  Flagellate,  of  which  the  second  comprises 
the  majority  of  the  members  of  the  class,  and  alone  requires 
much  consideration. 

I.  Order  Ciliata. — This  order  comprises  those  Infusoria 
in  which  the  outer  layer  of  the  body  is  more  or  less  abundantly 
furnished  with  vihrafile  cilia,  which  serve  either  for  locomotion 
or  for  tlie  procuring  of  food.  Besides  cilia,  properly  so  called, 
some  of  the  ciliated /yy^JC/-/B  are  provided  with  j/_)'/cj  or  jointed 
bristie?,  which  are  movable,  and  subserve  locomotion;  whilst 
others  have  little  hooks  or  uncini,  with  which  they  can  attach 
themselves  to  foreign  bodies.     As  types  of  the  order,  Paramce- 
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cium  and   Vorticella  may  be  selected,  the  former  being  free, 
whilst  the  latter  is  permanently  fixed  in  its  adult  condition. 

ParamKcium  (fig.  lo,  c)  is  a  slipper-shaped  animalcule,  com- 
posed externally  of  a  structureless  transparent  pellicle — the 
"  cuticle  " — which  is  lined  by  a  layer  of  firm  and  consistent  sar- 
code,  which  is  termed  the  "  cortical  layer,"  or  the  "  parenchyma 


ig.  lo. -Morphology  of  Infusoria:   a  Efhtylk,    a  SUJkcd  Ii 
In  ihe  suIeIiidu  of  Ihc  body  ate  the  conltaciile  resde  and 


1  rUgeUau 


of  the  body,"  this  in  turn  passing  into  a  central  mass  of  softer 
and  more  diffluent  sarcode,  known  as  the  "chyme-mass,"  or 
"  abdominal  cavity."  The  "  cuticle  "  is  covered  with  vibratilc 
cilia,  and  is  perforated  by  the  aperture  of  the  mouth.  The 
mouth  leads  into  a  funnel-shaped  gullet,  which  is  not  continued 
into  any  distinct  digestive  sac,  but  is  lost  in  the  central  "chyme- 
mass."  Within  the  "cortical  layer  "are  the  "fiucleus"  and 
"  nucleolus,"  and  the  "  contractile  vesicle  "  (or  vesicles).  The 
nucleus  is  usually  a  solid  band  or  rod-shaped  body,  having  a 
small  spherical  particle  applied  to  its  exterior,  or  immersed  in 
its  substance.  This  latter  is  the  so-called  "nucleolus,"  which 
must  be  carefully  distinguished  from  the  nucleolus  of  a  cell, 
which  occurs  in  the  interior  of  the  nucleus.  The  contractile 
vesicles  are  clear  spaces,  which  contract  and  dilate  at  intervals, 
and  occasionally  exhibit  radiating  canals  passing  into  the  sur- 
rounding sarcode.  Ordinarily  one  contractile  vesicle  is  present, 
or  at  most  two,  but  in  some  cases  there  may  be  several.  It 
has  also  been  maintained  that  tiie  contractile  vesicles  com- 
munipate  with  the  exterior  of  the  body,  but  proofs  are  wanting 
on  this  point.     Whether  this  should  ultimately  be  established 
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or  not,  there  can  be  little  doubt  but  that  the  vesicles  are  a  rudi- 
mentaiy  form  of  vascular  apparatus.  Others,  however,  hold, 
with  some  probability,  that  the  contractile  vesicles  are  to  be 
regarded  as  excretory  in  function,  and  that  they  correspond 
more  with  the  water- vascular  system  of  the  AnnuJoida  than 
with  the  true  blood-vascular  system  of  higher  animals.  Certain 
other  spaces  termed  "  vacuoles"  are  generally  visible  in  addi- 
tion to  the  contractile  vesicles.  These,  however,  are  probably 
merely  collections  of  water  surrounding  the  particles  of  ingested 
food,  and  performing  with  them  a  circulation  in  the  abdominal 
cavity,  something  like  the  circulation  of  granules  which  is  seen 
in  certain  vegetable  cells.  It  was  the  appearance  of  these 
"  vacuoles  " — which  are  certainly  not  permanent 'organs -of  any 
kind — which  induced  Elirenbei^  to  term  thc/n/usttria  the  "Poly- 
gastrica,"  upon  the  belief  that  they  were  so  many  stomachs. 

Paranusciunt  obtains  its  food  bv  means  of  the  currents  of 
water  which  are  set  up  by  the  constantly  vibrating  cilia  The 
nutntive  particles  thus  brought  to  the  mouth  pass  into  the 
central  abdominal  ci\ity  -ilong  with  the  contents  of  which 
they  undergo  the  circuKtion  above  spoken  of  Indigestible 
and  fEBcil  particles  appear  to  be  expelled  bj  a  distinct  anal 
aperture  which  is  situated  near  the  mouth 

Reproduction  in  Fafamxcmm  is^fFected  either  non  se\ual!> 
by  fission  {i.e.,  by  a  simple  division  of  its  substance),  or  by  a 
true  sexual  process.  In  this  latter  method  two  Parammcia 
come  together,  and  adhere  closely  to  one  another  by  their  ven- 
tral surfaces.  The  "  nucleus,"  which  is  truly  an  ovary,  enlai^es, 
and  a  number  of  ovules  are  formed  in  its  interior.  In  like 
er,  the  "  nucleolus  "  of  each,  which  is  really  a  testis  or  sper 
m,  also  enlarges,  and  develops  in  its  interior  a  number 
of  fusiform  or  rod-like  bodies,  which  are  believed  to  be  sperma- 
tozoa. The  -nuckolus  of  each  then  passes  into  the  body  of 
the  other,  the  act  of  transference  being  effected  through  the 
mouth.  Contact  of  the  two  reproductive  elements  then  takes 
place,  and  a  number  of  germs  are  produced,  which,  after  their 
liberation  from  the  body  of  the  parent,  are  developed  into  adult 
Paramceda. 

Vorticella  (fig.  ii,  c)  is  a  beautiful  flower-like  Infusorian 
which  is  commonly  found  in  fresh  water,  adhering  to  the 
stems  of  aquatic  plants.  It  consists  of  a  bell-shaped  body  or 
"  calyx,"  supported  upon  the  extremity  of  a  slender  contractile 
stem  or  "pedicle."  The  other  extremity  of  the  pedicle  is 
fixed  to  some  foreign  body,  and  its  power  of  contraction  is  due 
to  the  presence  in  its  interior  of  a  spiral  contractile  fibre. 
which  is  sometimes  called  the  "  stem-muscle."     The  edge  of 
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the  liell  or  calyx  is  surrounded  by  a  projecting  rim  or  border, 
called  the  "  peristome,"  within  which  is  a  circular  surface,  the 
"  disc,"  forming  the  upper  extremity  of  the  so-called  "rotatory 
organ."  The  disc  is  surrounded  by  a  fringe  of  vibratile  cilia, 
fonning  a  spiral  line  which  is  prolonged  into  the  commence- 
ment of  the  digestive  canal.  Near  the  edge  of  the  disc  is 
situated  the  mouth,  which  conducts  by  its  entrance  or  "vesti- 
bulum"  into  a  fusiform  canal  or  "pharynx,"  which  terminates 
abruptly  in  the  abdominal  cavity.  The  particles  of  food  are 
taken  in  at  the  mouth,  descend  through  the  short  alimentary 
canal,  and  enter  the  abdominal  cavity,  where  they  are  subjected 
to  the  general  rotation  of  the  "  chyme-mass,"  being  finally 
excreted  by  ah  anal  aperture  which  is  situated  near  the  mouth. 
As  in  Paramacium,  the  body  in  VortkeUa  is  composed  of  an 
outer  "  cuticle,"  a  central  "  chyrae-raass,"  and  an  intermediate 
"cortical  layer,"  which  contains  a  contractile  vesicle  and  a 
band-like  nucleus. 

Reproduction  in  Vorticella  may  take  place  by  fission,  or  by 
gemmation,  or  by  a  process  of  encystation  and  endogenous 
division.  In  the  first  of  these  modes  the  calyx  becomes  in- 
dented in  a  longitudinal  direction — viz.,  from  the  pedicle  to 
the  disc;  and  the  groove  thus  formed  becomes  gradually  deeper 
until  the  calyx  is  finally  divided  into  two  halves  supported 
I  po  1  the  same  pcd  cle  On  one  of  these  cups  -1  pos 
ter  or  c  relet  of  c  1  a  s  then  formed  m  addit  on  to  the 
antenor  circlet  already  existn  %  {t  e  a  fnnge  of  cil  a  is 
developed  round  that  end  of  the  calyx  which  is  newest  the 
attachment  of  the  ptdn,le  and  furthest  from  the  disc)  The 
cup  (fig  II  rf)  thus  fam  shed  with  a  circlet  of  cil  a  at  both 
extremities  is  then  detached  ai  d  swims  T.bout  freely  Finally 
the  anterior  circlet  of  c  ha  d  sappears  and  th  s  end  of  the 
calyx  puts  forth  a  pedicle  and  become';  attached  to  some 
foreign  object  A  new  mouth  s  now  formed  within  what 
w^s  before  t]\&  poster  lor  circlet  of  c  ha  so  that  the  ]  os  tion 
and  fun  tion  of  the  t«o  extremit  es  of  the  ci\y\  ■ire  thus 
reversed 

In  the  se  ond  mole  of  reproduct  on— namely  that  1  y  gen 
mat  on — exactly  the  same  phenomeni  take  place  w  th  th  s 
single  d  (Terence  that  in  this  case  the  new  individual  is  not 
produced  by  a  splitting  into  two  of  the  adult  cal)x  but  by 
means  of  a  bid  thrown  out  from  nevr  its  proximal  extremity 
Th  s  lud  is  comj  ostd  of  a  prolont,ation  ot  the  cuti  uiar  ai  i 
cort  cal  layers  of  the  adult  with  a  ckcjI  d  lert  rulum  of  the 
abdominal  cavity  or  chyme  mass  It  soon  develops  a  postenor 
c  relet  of  cilii,  the  connection  with  the  parent  is  rapidly  con 
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stricted  until  complete  separation  is  effected,  and  then  the 
process  differs  in  no  respect  from  that  described  as  occurring 
in  the  fissiparous  method  of  reproduction. 

In  the  third  mode  of  reproduction  the  Vortiaila  encysts 
itself  in  a  capsule,  the  cilia  and  pedicle  disappear,  and  the 
nucleus  breaks  up  into  a  number  of  rounded  germs  which  are 
ultimately  liberated  by  the  rupture  of  the  cyst,  and,  after  a 
short  locomotive  stage,  develop  themselves  into  fresh  Vorti- 
cdla.  How  far  this  process  may  be  truly  sexual  is  not  known, 
and  no  form  of  unetiuivocal  sexual  reproduction  has  hitherto 
been  shown  to  occur  in  the  case  of  Vorticella. 

Epistylis  is  a  not  uncommon  form  of  fixed  Infusorian  which 
is  nearly  allied  to  Vorticella,  and  differs  chiefly  in  the  fact  that 
the  pedicle  is  much  branched,  and  is  rigid  and  not  contractile. 
Epistylis  {fig.  lo,  a)  usually  occurs  in  the  form  of  a  greyish- 
white  nap  on  the  stems  of  water-plants,  or  on  the  liead  of 
the  common  water-beetle,  the  Dytiscus  marginalis.  It  consists 
of  a  plant-like  branching  and  re-branching  frond,  the  stems  of 
which  are  quite  transparent  and  faintly  striated,  but  are  not 
contractile,  though  capable  of  movement  from  side  to  side. 
Each  branch  of  the  entire  colony  terminates  in  an  oval  calyx, 
articulated  to  the  stem  by  a  distinct  joint,  upon  which  it  can 
move  &om  side  to  side.  The  calyces  are  oval  or  somewhat 
campanulate,  but  have  the  power  of  altering  their  dimensions, 
and  especially  of  contracting  so  as  to  shorten  their .  antero- 
posterior diameter.  Each  calyx  terminates  disfally  in  a 
slightly-elevated  annular  aperture,  the  margins  of  which  are 
regularly  toothed.  The  calyx  appears  to  be  formed  by  a 
liardening  of  the  cuticle,  and  to  form  a  distinct  case,  with  a 
double  margin,  enclosing  the  animal.  The  sarcode-body  en- 
closed within  this  outer  em  dope  is  of  i  light  brown  colour, 
and  full  of  minute  granules,  with  larger  food  vacuoles  and  -i 
well-marked  contractile  reside,  which  contracts  and  d  lates 
two  or  three  times  a  mmute  The  animal  <,an  retract  itself 
entirely  within  its  cup,  and  cnn  it  wdl  exsert  a  ciliated  disc 
This  disc  (fig.  lo,  b)  is  inversely  conical  and  acts  as  a  kind  of 
plug,  and  it  is  provided  with  two  lufts  of  long  ciha,  one  on 
each  side.  On  one  side  of  the  protnisible  disc  is  the  oral 
aperture,  which  is  continued  by  a  distinct  and  well  marked 
gullet  into  a  centra!  lU-defined  cavit>  Both  the  entrance  ot 
the  gullet  and  the  bottom  of  the  central  c-ivity  are  proMded 
with  very  long,  actively  vibrating  cilia  some  of  which  are 
almost  setiform.  The  entire  granular  contents  of  the  abdo 
minal  cavity  undergo  a  constant  though  slow  rotation 

Carchesium  is  another  form  which  is  like  Epistyhs  in  consist 
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ing  of  a  number  of  calyces  supported  upon  a  branched  pedicle, 
but  differs  from  Epistylis  and  agrees  with  Voriicdla  in  the  iact 
that  the  pedicle  is  contractile. 

Stmior,  or  the  trumpet -animalcule  (fig.   ii,  V),  is  another 
common  Infusorian  which  is  closely  related  to    Vortkella.     It 


Am     fe  t  th     tru  t  f   h    7  /  1     h      q  m 

notice  are  the  pigment  spot  and  the  trichocysts.  Ihe 
pigment  spot  is  a  brightly-coloured  solid  particle,  generally 
red,  of  very  common  occurrence  in  many  Infusoria,  but  of 
quite  unknown  function.  The  "  trichocysts "  are  vesicular 
bodies,  capable  of  emitting  thread-like  filaments,  and  greatly 
resembling  the  urticating  cells  of  many  of  the  Cfetenterata. 
They  have  been  detected  in  Bursaria,  as  well  as  in  various 
other  members  of  this  order;  and  they  are  very  like  certain 
cells  which  are  found  in  the  integument  of  many  Planarians. 

II.  Order  Suctoria. — This  order  includes  a  series  of  In- 
fusoria of  a  very  anomalous  nature.  In  Acineta,  which  may 
be  taken  as  the  type,  the  body  is  covered  with  a  number 
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of  ladiating  filamentous  tubes,  which  are  furnished  at  their 
extremities  with  suctorial  discs,  and  are  capable  both  of  exser- 
tion  and  retraction.  These  retractile  tubes  both  seize  the  prey 
and  serve  as  vehicles  for  the  ingestion  of  food;  hence  the 
term  "  polystome,"  or  many-mouthed,  has  been  proposed  for 
the  order  by  Professor  Greene. 

III.  Order  FLAGELLATA.^This  order  comprises  those  /k- 
fusoria  which,  like  Peridinium,  find  their  means  of  locomotion 
in  .long,  flexible,  lash-Uke  filaments,  termed  "flagella;"  cilia 
occasionally  being  present  as  well.  In  some,  as  in  Peranema 
(fig.  lo,  f),  there  is  only  a  single  one  of  these  appendages;  in 
others,  as  in  Anismema,  there  are  two  flagella ;  whilst  in  Hetero- 
mastix  and  Pleuronema  we  have  forms  apparently  transitional 
between  the  Ciliata  and  the  Flagellala,  since  both  cilia  and 
flagella  are  present  in  these  genera.  In  all  their  other  essen- 
tial characters  the  flagellate  Infusoria  do  not  differ  from  the 
more  typical  members  of  the  class.  In  one  singular  form 
{PhaJansterium  inUstinale\  the  otganism  consists  of  numerous 
zooids,  each  with  a  single  flagellum  and  projecting  membranous 
collar,  enveloped  basally  in  slimy  sarcode,  so  as  to  form  a  cylin- 
drical colony. 

NocTiLUCA. — Amongst  the  numerous  organisms  which  con- 
tribute to  the  phosphorescence  of  the  sea,*  one  of  the  com- 
monest is  the  animalcule  known  as  Ncctiluca,  the  true  position 
of  which  has  not  yet  been  determined.  It  is  nearly  spherical 
in  shape,  having  an  indention,  or  "hilum,"  at  one  side,  dose 
to  which  is  fixed  a  long  filament,  probably  used  in  locomotion. 
The  body  consists  of  a  "cuticle"  and  "cortical  layer,"  en- 
closing a  central  mass  of  sarcode.  Near  the  filament  there  is 
a  minute  oral  aperture  leading  into  a  short  digestive  cavity. 
A  nucleus  and  vacuoles  are  also  present.  From  the  presence 
of  a  mouth,  and  from  its  general  structure,  Nodiluca  should  pro- 
bably be  looked  upon  as  a  flagellate  Infusorian,  but  it  is  placed 
by  M.  de  Quatrefeges  amongst  the  Rhkopoda. 

*  Thj  diffused  luminosity  of  the  sea  is  mainly  due  to  the  Noctiluca 
miliaris  ;  but  its  partial  lumiiiosily  is  due  lo  various  phosplioresceut  ani- 
mals, amongst  which  are  the  ^^j'JflfiaB/nc;(/Hi(lhe  Portuguese  inan-of-war|, 
Medusa,  Tankala,  Anndidts,  &c.  The  cause  of  phosphorescence  is  variously 
stated,  being  supposed  veiy  generally  to  be  caused  by  a  process  of  slow 
combustion  anatt^pus  to  that  which  takes  place  in  phosphoms  when  ex- 
posed to  the  atmosphere.  Upon  the  whole,  however,  it  appears  that  the 
phenomenon  is  a  vital  process,  consisting  essentially  in  the  conversion  of 
nervous  force  (or  vital  ener^)  into  light;  just  as  the  same  force  can  be 
converted  by  certain  fishes  into  electricity.  This  transfomiation  oflen 
re(|uircs  a  special  apjKiratus  for  its  production,  but  it  appears  to  be  some- 
times  effected  by  the  entire  organism. 
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Affinities  of  the  Infusoria.— Though  generally  placed 
amongst  the  Protozoa,  of  which  they  form  the  highest  division, 
the  position  of  the  Infusoria  cannot  be  looked  upon  as  defi- 
nitely settled.  There  is  a  growing  opyiion  amongst  competent 
authorities  that  the  Infusoria  should  be  entirely  removed  from 
the  ProtoBoa,  and  that  they  should  be  placed  amongst  the  An^ 
nuloida,  having  their  nearest  allies  in  the  Turbellarian  Worms, 
If  this  change  be  carried  out,  the  Infusoria  and  Rotifera,  which 
older  naturalists  grouped  together,  and  which  modern  ob- 
servers have  placed  widely  apart,  will  be  again  brought  nearly 
together.  If  the  sponges  also  should  be  removed  from  the 
Protozoa,  as  is  maintained  by  some  modem  observers,  then 
the  entire  sub-kingdom  of.,  the  Protozoa  would  contain  only 
the  Gr^arinida,  Ammhea,  Foraminifera,  and  Radiolaria.  At 
present,  however,  there  certainly  do  not  appear  to  be  suffi- 
ciently decisive  grounds  for  such  a  step ;  and  the  affinities  of 
the  Spongida  are  certainly  more  intimate  with  the  typical 
Rhizopods  than  with  the  Ceeienieraia. 
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CHAPTER  Vri. 

THE  SUB-KINGDOM  C(ELENTERATA. 

I.  Characters  of  the  Sub-Kingdom.  2.  Divisions. 
3.  General  Characters  of  the  Hydrozoa.  4.  Ex- 
planation OF  Technical  Terms. 

The  sub-kingdom  Cteknterata  (Frey  and  Leuckhart)  may  be 
considered  as  the  modern  representative  of  the  Radiata  of 
Cuvier,  From  the  Radiata,  however,  the  Echinodermaia  and 
Scolecida  have  been  removed  to  form  the  Annuloida,  the  entire 
sub-kingdom  of  the  Protozoa  has  been  taken  away,  and  the 
Polyeoa  have  been  relegated  to  their  proper  place  amongst  the 
Moltusca.  Deducting  these  groups  from  the  old  Radiata, 
the  residue,  comprising  most  of  the  animals  commonly  known 
as  Polypes  or  Zoophytes,  remains  to  constitute  the  modem 
C(elenta'ata. 

The  Cmknierata  may  be  defined  as  animals  whose  alimentary 
canal  communicates  freely  ■with  the  general  cavity  of  the  body 
{"somatic  cavity").  3%e  substance  of  the  body  is  made  up  of 
two  fundamental  membranes— -an  outer  layer,  called  the  "  ecto- 
derm," and  an  inner  layer,  or  "  endoderm."  There  are  no 
distinct  neural  and  h^mal  regions,  and  in  the  great  majority  of 
the  members  of  the  sub-kingdom  there  are  no  traces  of  a  nervous 
system.  Peculiar  urticating  organs,  or  "  thread-cells,"  are  usually 
present;  and,  gmerally  speaking,  a  radiate  conditioti  of  the  organs 
is  perceptible,  especially  in  the  tentacles  with  which  most  are 
firoBidai.  in  all  the  Cxlenterata  distinct  reproductive  organs  have 
been  shoivn  to  exist.  By  Professor  Allman  the  Calenterata  have 
been  defined  as  follows: — -"Animals  compo.sed  of  numerous 
merosomes  (body-segments),  which  are  disposed  radially  round 
a  longitudinal  (antero-pos tenor)  axis ;  frequently  with  a  de- 
tenninable  antero  -  posterior  and  dorso -ventral  plane  (bilat- 
eral) ;  a  distinct  body-cavity,  which  always  communicates  with 
the  outer  world  through  the  mouth." 
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The  leading  feature  which  distinguishes  the  Calmterata, 
and  the  one  from  which  the  name  of  the  sub-kingdom  is 
derived,  is  the  peculiar  structure  of  the  digestive  system.  In 
the  Protozoa,  as  we  have  seen,  a  mouth  is  only  present  in  the 
higher  forms,  and  in  no  case  is  there  any  definite  internal 
cavity  bounded  by  the  walls  of  the  body  to  which  the  name 
of  "  body  -  cavity "  or  "somatic  cavity"  could  be  properly 
applied.  In  animals  higher  than  the  Ccelenterata,  on  the  other 
hand,  there  is  not  only  generally  a  permanent  mouth,  but  the 
walls  of  the  body  usually  enclose  a  permanent  chamber  or 
■' body-cavify."  Further,  in  most  cases,  the  mouth  conducts 
into  an  alimentary  canal,  which  is  always  distinct  from  the 
body-cavity,  never  opening  into  it,  but  usually  passing  through 
it  to  open  on  the  surface  by  another  distinct  aperture  (the 
anus).  In  most  cases,  therefore,  the  alimentary  canal  is  a 
tube  which  communicates  with  the  outer  world  by  two  apcr- 
tures^a  mouth  and  anus — ^but  which  simply  passes  through 
the  body-cavity  without  in  any  way  communicating  with  it. 
In  the  Ccelenterata  there  is  an  intermediate  condition  of  parts. 
There  is  a  distinct  and  permanent  mouth,  and  a  distinct  and 
permanent  body-cavity,  but  the  mouth  opens  into,  and  com- 
municates freely  with,  the  body -cavity.  In  some  cases 
{Hydrozod)  the  mouth  opens  directly  into  the  general  body- 
cavity,  which  then  serves  as  a  digestive  cavity  as  well  (fig. 
12),  In  other  cases  there  intervenes  between  the  mouth  and 
the  body-cavity  a  short  alimentary  tube,  which  communicates 
externally  with  the  outer  world  through  die  mouth,  and  opens 
below  by  a  wide  aperture  into  the  general  cavity  of  the  body 
{Actinozoa,  fig.  28).  In  no  case  is  there  a  distinct  intestinal 
canal  which  runs  through  the  body  and  opens  on  the  surface 
by  a  mouth  at  one  end  and  an  excretory  aperture  or  anus  at 
the  other. 

With  regard  to  the  fundamental  tissues  of  the  CKlmterata, 
there  exist  two  primary  membranes,  of  which  one  forms  the 
outer  surface  of  the  body,  and  is  called  the  "ectoderm;" 
whilst  the  other  lines  the  alimentary  canal,  the  general  cavity 
of  the  body,  and  the  tubular  tentacles,  and  is  termed  the 
"  endoderm."  These  membranes  correspond  with  the  primi- 
tive serous  and  mucous  layers  of  the  germinal  area,  and  be- 
come differentiated  in  opposite  directions,  the  ectoderm  grow- 
ing from  within  outwards,  the  endoderm  from  without  inwards. 
Each  consists  of  numerous  nuclear  bodies,  or  "  endoplasts," 
embedded  in  a  granular  "intercellular  substance"  or  "peri- 
plast;" and  each  may  be  rendered  more  or  less  complex  by 
vacuolacion  or  fibrillation, 
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In  connection  with  the  integument  of  the  Cxlaiterala,  the 
organs  termei  threid  cells  {  cnidEs,"  or  "  nematocysts") 
must  be  noticed  Ihese  are  peculiar  cellular  bodies,  of 
\'irous  shipes  which  probably  ser\e  as  weapons  of  offence 
and  defence  an  1  which  commun  cite  to  many  members  of 
the  sub  k  ngdom  {eg,  the  "lea  bl  ibbers)  their  well -■known 
power  of  stinging  In  the  rommon  Hydra  the  thread-cells 
consist  of  ovil  elastic  sacs  ctntuning  a  long  coiled  filament, 
b-irbed  at  its  base  and  serrated  along  its  edges.  When  fully 
developed  the  sacs  are  tensely  filled  with  fluid,  and  the 
slightest  touch  is  sufficient  to  cause  the  retroversion  of  the 
fil'unent  which  then  projects  be}ond  the  sac  for  a  distance, 
which  IS  not  uncommonly  equil  to  many  times  the  length  of 
the  htter  * — (Huxley)  (Fig  iz  </.)  Many  beautiful  modi- 
fications of  shape  are  known  n  the  thread-cells  of  different 
Ccelenterates,  but  their  essentia!  structure  in  all  cases  is  much 
the  same  as  in  the  Hydra.  It  is  only  in  few  cases,  compara- 
tively speaking,  that  the  thread-cells  have  the  power  of  piercing 
and  irritating  the  human  skin ;  but  even  in  the  diminutive 
Hydra  it  is  probable  that  they  exercise  some  benumbing  and 
deleterious  influence  on  the  living  organisms  winch  may  be 
captured  as  prey.  The  Cmlmterata  are  divided  into  two 
classes,  termed  respectively  the  Hydrozoa  and  the  Aciinozoa, 

Class  I.  Hydrozoa. 

The  Hydrozoa  are  defined  as  Cmknterata  in  which  the  walls 
ef  the  digestive  sac  are  not  separated  from  that  of  the  general 
body-cavity^  the  ftwo  coinciding  ■with  one  another;  the  reproduc- 
tive organs  are  in  the  form  of  external  processes  of  the  body-wall 

(Fig.  I2,«,  *.) 

It  follows  from  the  above,  that,  since  there  is  but  a  single 
internal  cavity,  the  body  of  a  Hydrozoon  on  transverse  section 
appears  as  a  single  tube,  the  walls  of  which  are  formed  by 
the  limits  of  the  combined  digestive  and  somatic  cavity. 

The  Hydrozoa  are  all  aquatic,  and  the  great  majority  are 
marine.  The  class  includes  both  simple  and  composite 
organisms,  the  most  familiar  examples  being  the  common 
Fresh-water  Polype  {Hydra),  the  Sea-firs  (Sertularida),  the 
Jelly-fishes  (Medusis),  and  the  Portuguese    man-of-war  (Phy- 

'  Thread-cells,  though  very  commonly,  if  not  universally,  present  in  tlie 
Calenterata,  are  nevertheless  not  peculiar  to  thera.  Similar  otgans  have 
been  shown  to  exist  in  several  of  the  Nadibranckiate  Mollvsca,  as  well  as  in 
some  Annelides  {Spio  sdkurnis).  There  likewise  exist  analogous  oigans 
(Irichocysts)  in  several  of  Ihe  Infusoria,  and  in  the  Planarida. 


Hosled  by  Google 


CtEl  LNTEPi^T^      H\DROZOA  8l 

saiia)  Oumg  to  the  great  difficulty  which  is  orditianly 
experienced  by  the  student  in  mastcnng  the  details,  of  this 
lass  of  animals,  it  has  been  thought  aih  isable  to  introduce 
lere  a  short  explanation  of  some  of  the  technical  terras  ft  Inch 
ire  m  more  general  uie  in  describing  these  organisms 

General  Terminology  of  the  Hidrozoa 

Individual. — We  have  already  seen  {see  Introduction)  that 
the  term  "  individual,"  in  its  zoological  sense,  must  be  re- 
stricted to  "the  entire  result  of  the  development  of  a  single 
fertilised  ovum,"  and  that  in  this  sense  an  individual  may 
either  be  simple,  like  an  Amttba,  or  may  be  composite,  like  a 
Sponge,  which  is  produced  by  an  aggregation  of  amcebiforni 
partides.  If  all  die  parts  composing  an  individual  remain 
mutually  connected,  its  development  is  said  to  be  "  continu- 
ous ; "  but  if  any  of  these  parts  become  separated  as  indepen- 
dent beings,  the  case  becomes  one  of  "discontinuous"  de- 
velopment We  have  seen,  also,  that  however  long  zooidal 
multiplication  may  go  on,  there  ultimately  arrives  in  the  history 
of  every  individual  a  period  at  which  sexual  reproduction  must 
be  called  in  to  insure  the  perpetuation  of  the  species  through- 
out time. 

Amongst  the  Hydrozoa,  the  individual  may  be  either  simple 
or  compound,  and  the  development  may  be  either  continuous 
or  discontinuous,  the  following  terms  being  employed  to  de- 
note the  phenomena  which  occur, 

Hydrosoma. — This  is  the  term  which  is  employed  to  desig- 
nate the  entire  body  of  a  Hydro^oon,  whether  it  be  simple,  as 
in  the  Hydra,  or  composite,  as  in  a  SirUdarian. 

Polypite. — The  alimentary  region  of  a  Hydrozaon  is  called 
a  "  polypite  ; "  the  term  "  polype  "  being  now  restricted  to  the 
same  region  in  the  Adinosoa.  In  the  simple  Hydrozoa  the 
entire  organism  may  be  called  a  "  polypite  ; "  but  the  term  is 
more  appropriately  applied  to  the  separate  nutritive  factors 
which  together  make  up  a  compound  Hydrozoon. 

Diital  and  Proximal. — These  are  terms  applied  to  different 
extremities  of  the  hydrosoma.  It  is  found  that  one  extremity 
grofts  more  quickly  than  the  other,  and  to  this  free^owing 
end— at  ft'hich  the  mouth  is  usually  situated — the  terra  "  distal " 
IS  applied  To  the  raore  slowly  growing  end  of  the  hydrosoma 
—which  is  at  the  same  time  usually  the  fixed  end — the  term 
"proximal"  is  applied.  These  terms  may  be  used  either  in 
relation  to  a  single  polypite  in  the  compound  Hydrozoa,  or  to 
the  entire  hydrosoma,  whether  simple  or  compound. 
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Camsare.^Thh  is  the  term  which  is  employed  to  designate 
the  common  trunk,  which  unites  the  separate  polypites  of  any 
compound  Hydrozoon  into  a  single  organic  whole. 

Polypary. — The  term  "polypary"  or  "polypidom"  is  ap- 
plied to  the  homy  or  chitinous  outer  covering  or  envelope 
with  which  many  of  the  Hydro%oa  are  furnished.  These  terms 
have  also  not  uncommonly  been  applied  to  the  y&ry  similar 
structures  produced  by  the  much  more  highly  organised  Sea- 
mats  and  their  allies  {Poiyzoa),  but  it  is  better  to  restrict  their 
use  entirely  to  the  Hydrowa, 

ZoSids. — In  continuous  development  the  partially  inde- 
pendent beings  which  are  produced  by  gemmation  or  fission 
by  the  primitive  organism,  to  which  they  remain  permanently 
attached,  are  termed  "  zooids." 

In  discontinuous  development,  where  certain  porlions  of 
the  "  individual "  are  separated  as  completely  independent 
beings,  these  detached  portions  are  likewise  termed  "zooids;" 
that  which  is  first  formed  being  distinguished  as  the  "pro- 
ducing zooid,"  whilst  that  which  separates  from  it  is  known 
as  the  "produced  zooid."  In  a  great  number  oi  Hydrozoa 
there  exist  two  distinct  sets  of  zooids,  one  of  which  is  destined 
for  the  nutrition  of  the  colony,  and  has  nothing  to  do  with 
generation,  whilst  the  functions  of  the  other,  as  far  as  the 
colony  is  concerned,  are  wholly  reproductive.  For  the  whole 
assemblage  of  the  nutritive  zooids  of  a  Hydrozoon  Professor  All- 
man  has  proposed  the  term  "  trophosome,"  applying  the  term 
"  gonosome  "  to  the  entire  assemblage  of  the  r^roduclive  zooids. 
In  such  Hydrosoa,  therefore,  as  possess  these  two  distinct  sets 
of  zooids,  the  "  individual,"  zoologically  speaking,  is  composed 
of  a  trophosome  and  a  gonosome.  It  follows  from  this  that 
neither  the  trophosome  nor  the  gonosome,  however  apparently 
independent,  and  though  endowed  with  intrinsic  powers  of 
nutrition  and  locomotion,  can  be  looked  upon  as  an  "  indi- 
vidual," in  the  scientific  sense  of  this  term.  As  a  rule,  the 
zooids  of  the  trophosome  are  all  like  one  another,  or  are 
"horaomorphic ;"  but  there  are  some  cases  (as  in  Hydrac- 
tinia,  and  in  the  nematophores  of  the  Plumularida)  in  which 
some  of  the  zooids  of  the  trophosome  are  unlike  the  others. 
The  zooids  of  the  gonosome,  on  the  other  hand,  are  normally 
unlike,  or  are  "  heteromorphic,"  consisting  of  two  or  three 
different  sets  of  zooids,  each  with  its  special  duty  in  the  gener- 
ative functions  of  the  Hydroid  Colony. 
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CHAPTER  VIII. 

DIVISIONS  OP  THE  HVDROZOA. 

Sue-class  Hvdkoida. 

The  Hydrozoa  are  divided  into  four  sub-classes — viz.,  the  Hy- 
droida,  the  Siphonophora,  the  Lucernarida,  and  the  Discophora. 

SuF-CLASS  I.  Hydroida. — This  sub-class  comprises  those 
Hydrozoa  which  consist  of  an  alintmiary  region  or  "polypitc," 
which  is  provided  with  an  adherent  disc  or  "  hydrorhiza"  and 
prehensile  tentacles. 

In  some  few  cases  the  hydrosoma  is  composed  of  a  single 
jxtlypite  only,  as  in  the  Hydrida  and  in  some  of  the  Corynida; 
but  usually  there  are  several  polypites  united  together  by 
means  of  a  common  trunk  or  "ccenosarc,"  as  in  most  of  the 
Corynida  and  iq  the  orders  Serttilarida  and  Campanulartda. 
Further,  in  the  great  majority  of  cases  the  "hydrorhiza"  is 
permanently  attached  to  some  foreign  object. 

The  Hydroida  comprises  four  orders— viz.,  the  Hydrida,  the 
Corynida,  the  Serlularida,  and  the  Campamtlarida. 

Order  I.  Hydrida  (Gymnochroa,  Hincks), — This  order 
comprises  those  Hydrozoa  whose  "  hydrosoma  "  consists  of  a 
single  locomotive  polypite,  with  tentades  and  "  hydrorhiza,"  and 
with  reproductive  or^ns  which  appear  as  simple  external  pro- 
cesses of  the  body-wall.  The  hydrhrhiza  is  discoid,  and  no  hard 
ctiticular  layer  is  at  any  time  developed. 

The  order  Hydrida  comprises  a  single  genus  only  {Hydra), 
including  the  various  species  of  "  Fresh-water  Polypes,"  as 
they  are  often  called.  The  common  Hydra  (fig.  rz,  c)  is 
found  abundantly  in  this  country,  and  consists  of  a  tubular 
cylindrical  body,  the  "  proximal "  extremity  of  which  is  ex- 
panded into  an  adherent  disc  or  foot — the  "  hydrorhiza  " — by 
means  of  which  the  animal  can  attach  itself  to  some  foreign 
body.  It  possesses,  however,  the  power  of  detaching  the 
hydrorhiza  at  will,  and  thus  of  changing  its  place.  At  the 
opposite  or  "  distal "  extremity  of  the  body  is  placed  the 
mouth,  smrounded  by  a  circlet  of  tentacles,  which  arise  a 
little  distance  below  the  mai^in  of  the  oral  aperture.  The 
tentacles  vary  in  number  from  five  to  twelve  or  more,  and 
they  vary  considerably  in  length  in  different  species,  being 
much  shorter  than  the  body  in  the  Hydra  viridis,  but  being 
extremely  long  and  filamentous  in  Hydra  fusca.  They  are 
higlily  extensile  and  contractile,  and  serve  as  organs  of  pre- 
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hension,  being  capable  of  retraction  till  they  appear  as  nothing 
more  than  so  many  warts  or  tubercles,  and  of  being  extended 
to  a  length  which  is  in  some  species  many  times  longer  than 
the  body  ifself  (In  the  Hydra  fusca  the  tentacles  can  be 
protruded  to  a  lengtli  of  more  than  eight  inches.)     Each  con- 


sists of  a  prolongation  of  both  ectoderm  and  endoderm,  en- 
closing a  diverticulum  of  the  somatic  cavity,  and  they  are 
abundantly  furnished  with  thread-cells.  The  cylindrical  hydro- 
soma  is  excavated  into  a  single  large  cavity,  lined  by  the  en- 
doderm, and  communicating  with  the  exterior  by  the  mouth. 
This — the  "  somatic  Cavity  " — is  the  sole  digestive  cavity  with 
which  the  Hydra  is  provided,  the  indigestible  portions  of  the 
food  being  rejected  by  the  mouth. 

The  Hydra  possesses  a  most  extraordinary  power  of  resist- 
ing mutilation,  and  of  multiplying  artificially  when  mechani- 
cally divided.  Into  however  many  pieces  a  Hydra  may  be 
divided,  each  and  all  of  these  will  be  developed  gradually  into 
a  new  and  perfect  polypite.  The  remarkable  experiments  of 
Trembley  upon  this  subject  are  well  known,  and  have  been 
often  repeated,  but  space  will  not  permit  further  notice  of 
them  here.  Reproduction  is  effected  in  the  Hydra  both 
asexually  by  gemmation,  and  sexually, — the  former  process 
being  followed  in  summer,  and  the  latter  towards  the  com- 
mencement of  winter,  few  individuals  surviving  this  season. 
In  the  first  method  the  Hydra  throws  out  one  or  more  buds, 
generally  from  near  its  proximal  extremity.     These   buds  al 
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first  consist  simply  of  a  tubular  prolongation  of  the  ectoderm 
and  endoderm,  enclosing  a  csecal  diverticulum  of  the  body- 
cavity  ;  but  a  mouth  and  tentacles  are  soon  developed,  when 
the  new  being  is  usually  detached  as  a  perfect  independent 
Hydra.  The  Hydriz  thus  produced  throw  out  fresh  buds, 
often  before  they  are  detached  from  the  parent  organism,  and 
in  tliis  way  reproduction  is  rapidly  carried  on. 

In  the  second  or  sexual  mode  of  reproduction,  ova  and 
spermatozoa  are  produced  in  outward  processes  of  the  body- 
wall  (fig.  12,  b).  The  spermatozoa  are  developed  in  little 
conical  elevations,  which  are  produced  near  the  bases  of  the 
tentacles,  and  the  ova  are  enclosed  in  sacs  of  much  greater 
size,  situated  nearer  the  fixed  or  proximal  extremity  of  the 
animal.  Ordinarily  there  is  but  one  of  these  sacs  containing 
a  single  ovum,  but  sometimes  there  are  two.  When  mature, 
the  ovum  is  expelled  through  the  body-wall,  and  is  fecundated 
by  tlie  spermatozoa,  which  are  simultaneously  liberated.  The 
embryo  appears  aa  a  minute,  free-swimming,  ciliated  body.  The 
serous  and  mucous  layers  of  the  blastoderm  (germinal  area) 
correspond  to  the  ectoderm  and  endoderm,  and  for  the  forma- 
tion of  the  perfect  Hydra  nothing  further  seems  wanting  than 
the  modification  of  one  end  of  the  body  into  a  hydrorhiza,  and 
the  formation  of  a  mouth  and  tentacles  at  the  other. 

Order.  II.  Corynida  ( =  Tubulakida,  the  Athecaia  of 
Hincks).— The  order  Corynida  comprises  those  Hydrozoa 
whose  hydrosoma  is  fixed  by  a  hydrorhiza,  and  consists  either  of 
a  singk  polypite,  or  of  several  untied  by  a  ceeiwsarc,  which  usually 
develops  a  firm  outer  layer  or  "polypary."  No  "  hydrothecai" 
are  present.  "  T7ie  reproductive  organs  are  in  tlie  form  of  gono- 
phores,  which  vary  much  in  structure,  and  arise  from  the  sides  of 
■the polyfUes,  from  theaenosarc,  orfromgonoblasttdia." — (Greene.) 

The  hydrosoma  of  the  Corynida  may  consist  of  a  single 
polypite,  as  in  Coryomorpha  and.  Vorticlava,  or  it  may  be  com- 
posed of  several  united  by  a  ccenosarc,  as  in  Cordylophora 
(fig.  13,  a).  The  order  is  entirely  confined  to  the  sea,  with 
the  single  exception  of  Cordylophora,  which  inhabits  fl-esh 
water.  In  Tubularia  and  its  allies  the  organism  is  protected 
by  a  well-developed  external  chitinous  envelope  or  "  poly- 
pary;"  but  in  the  other  genera  belonging  to  the  order  the 
polypary  is  either  rudimentary  or  is  entirely  absent.  The 
polypary  of  the  Corynida,  when  present,  is  readily  distinguished 
fi-om  tliat  of  the  Sertularida,  by  the  fact  that  in  the  former  it 
extends  only  to  the  base  of  the  polypites ;  whereas  in  the  latter 
it  expands  to  form  little  cups  for  the  reception  of  the  polypites, 
these  cups  being  called  "  hydrothecre." 


Hosled  by  Google 


MANUAL   OF   ZOOLOGY. 


As  regards  the  reproductive  process  in  the  Coryidda,  the 
reproductive  elements  are  developed  in  distinct  buds  or  sacs, 


Fig.  13  — Motphology  of  Coryidda.  a  Fragmenl  of  Curdiilspkiira  lacmtrk.  slighlly 
enlarged  :  b  Fragment  of  ihe  same  considerably  enlai^ed,  showing  a  polypite  and 
three  gonophores  in  different  sta^  of  growih,  lie  Wgest  containing  ova :  c  Portion 
Df.S>wvr>wf  ^amVwithmedusifomi  zo6id5  budding  from  beiwednihc  tentacles. 

which  are  external  processes  of  the  body-wall,  and  have  been 
aptly  termed  "gonophores"  by  Professor  AUraan.  Strictly 
speaking,  Dr  Allman  understands  by  the  term  "gonophore" 
only  the  ultimate  generative  zooid,  that  which  immediately  pro- 
duces the  generative  elements.  Great  variations  exist  in  the 
form  and  developmefit  of  these  generative  buds,  and  an  exami- 
nation of  these  leads  us  to  some  of  the  most  singular  pheno- 
mena in  the  entire  animal  kingdom.  In  some  species  of 
Hydractinia  and  Coryne,  the  generative  buds  or  "gonophores" 
exist  in  their  simplest  form— namely,  as  sacciform  protuber- 
ances of  the  endoderm  and  ectoderm,  enclosing  a  diverticulum 
of  the  somatic  cavity.  In  this  form  they  are  attached  to  the 
"  trophosome  "  by  a  short  stalk,  and  they  are  termed  "  sporo- 
sacs"  (fig.  14,  a).  They  are  exactly  like  the  buds  which  we 
have  already  seen  to  exist  in  the  Hydra,  with  this  difference, 
that  they  are  not  themselves  developed  into  fresh  polypites, 
but  are  simply  receptacles  in  which  the  essential  elements  of 
generation — the  ova  and  spermatozoa— are  prepared,  by  the 
union  of  which  the  young  Corymdis  produced. 

In  Cordylofhora  (fig.  13,  b)  a  further  advance  in  structure  is 
perceptible.  The  ^onophore  now  consists  of  a  closed  sac, 
from  the  roof  of  which  depends  a  hollow  process  or  peduncle 
— the  "  manubrium"— which  gives  off  a  system  of  tubes  which 
run  in  the  walls  of  the  sac.  For  reasons  which  will  be  imme- 
diately evident,  the  gonophore  in  this  case  is  said  lo  have  a 
"  disguised"  medusoid  stnicture  (fig.  14,  V). 
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In  cerfain  Coryntda,  however,  we  meet  with  a  stili  higher 
form  of  structure,  the  gonophores  being  now  said  to  be 
"  medusoid."  In  these  cases  the  generative  bud  is  primitiveiy 
a  simple  sac — such  as  the  "sporosac" — ^but  uhimately  devel- 
ops itself  mto  a  much  more  complicated  structure.  The 
gonophore  (fig.  13,  c)  is  now  found  to  be  composed  of  a  bell- 
shaped  disc,  termed  the  "  gonocal)Ti,"  which  is  attached  by  its 
base  to  the  parent  organism  (the  trophosome),  and  has  its 
cavity  turned  outwards.  From  the  roof  of  the  gonocklyx, 
like  the  clapper  of  a  bell,  there  depends  a  peduncle  or 
"  manubrium,"  which  contains  a  process  of  the  somatic  cavity. 
The  manubrium  gives  out  at  its  fixed  or  proximal  end  four 
prolongations  of  its  cavity,  in  the  form  of  radiating  lateral 
tubes,  which  run  to  the  maigin  of  the  bell,  where  they  com- 
municate with  one  another  by  means  of  a  single  circular  canal 
which  surrounds  the  mouth  of  the  bell.  This  system  of  tubes 
constitutes  what  is  known  as  the  system  of  the  "  gonocalycine 
canals."  The  gonophore,  thus  constituted,  may  remain  per- 
manently attached  to  the  parent  organism,  as  in  Tttiularia 
indivisa  (tig.  14,  c);  but  in  other  cases  still  further  changes 
ensue.     In  the  higher  forms  of  development  (fig.  14,  d)  the 


manuhimm  acquires  a  mouth  at  its  free  or  distal  e\tremity, 
and  the  gonucalyt  becomes  detached  from  the  parent  The 
gonophore  is  now  free,  and  behaves  in  every  respect  as  an 
independent  being  The  gonocaljx  is  provided  with  mar- 
ginal ttntacles  and  with  an  inwaid  prolongation  from  its 
margin,  which  partially  closes  the  mouth  of  the  bell,  and  is 
termed  the  "veil'  or  "velum"  By  the  contractions  of  the 
gonocilyx,  which  now  seneaas  a  mtUorial  organ,  the  gono 
phore  IS  propelled  through  the  water  The  manubrium,  with 
the  shape,  assumts  the  lunctions  of  a  poljpite,  and  its  cavity 
takes  upon  itself  the  oftice  of  a   digestive    sac      Growth   is 
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rapid,  and  the  gonophore  may  attain  a  comparatively  gigantic 
size,  beiug  now  absolutely  identical  with  one  of  those  organ- 
isms which  are  commonly  called  "jelly-fishes,"  and  are  tech- 
nically known  as  Medusa  (fig.  15).  In  fact,  as  we  shall  after- 
wards see,  most  if  not  all  of  the  gymmphthalmate  Medusa, 
originally  described  as  a  distinct  order  of  free-swimming  Hy- 
drozoa,  are  in  truth  merely  the  liberated  generative  buds,  or 
'  medusiform  gonophores,"  of  the  peraunently-rooted  Hydroids. 
Finally,  the  essential  generative  elements — the  ova  and  sper- 
matozoa— are  developed  in  the  walls  of  the  manubrial  sac, 
between  its  endoderm  and  ectoderm,  and  embryos  are  pro- 
duced. These  embryos,  however,  instead  of  resembling  the 
organism  which  immediately  gave  them  birth,  develop  them- 
selves into  the  fixed  Corynid  from  which  the  gonophore  was 
produced,  thus  completing  the  cycle. 

As  we  have  seen,  the  generative 
buds  of  the  Corynida  may  exist  iji 
the  following  forms: — i.  As  "sporo- 
sacs,"  or  simple  closed  sacs,  con- 
sisting of  ectoderm  and  endoderm, 
with  a  central  cavity  in  which 
ova  and  spermatozoa  are  produced. 
z.  As  "  disguised  medusoids,"  in 
which  there  is  a  central  manubrial 
process  and  a  rudimentary  system 
of  gonocaJycine  canals;  but  the 
gonocalyx  remains  closed.  3.  As 
complete  medusoids,  which  have  a 
central  manubrium,  a  complete  sys- 
tem of  gonocalycine  canals,  and  an 
open  gonocalyx;  but  which  never 
become  detached.  4.  As  perfect 
medusiform  gonophores  (fig.  15), 
which  are  detached,  and  lead  an 
independent  existence  for  a  time, 
until  the  generative  elements  are 
matured.  In  whichever  of  these 
J.  forms  the  gonophore  may  be  pre- 
-<■_:  1     \    -■„" 'sent,  the  place  of  its  origin  from  the 

nji^RadHiinggaMTo-  trophosome  may  vary  m   different 

JJSfSSeii'ifTSSSi:  SP=™  of  »>=  order.     ,.  They  „a, 

anse  from  the  sides  of  the  polypites, 

as  in  C(7/7«iand  Stauridia;  2.  They  may  be  produced  from  the 

ccenosarc,  as  in  Cordylophora  ;  3.  They  may  be  produced  upon 

certain  special  processes,  which  are  termed   "gonoblastidia," 


°i^}. 
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as  in  Hydradinia  and  Dkoryne.  These  gonobhstidia  -ire 
processes  from  the  body-wall  or  ccenob'irc,  which  Llosely  re 
seiikble  true  polypites  in  form,  but  differ  trom  them  ra  being 
usually  devoid  of  a  mouth,  and  in  having  shorter  tentacles 

As  regards  the  development  of  the  Corynuia,  the  embr>o  is 
very  generally,  though  not  always,  cihated  at  first,  and  be 
comes  developed  iiMo  a  hydra-form  polypite,  which  fixes  itself 
to  some  foreign  body,  and  then  (if  not  belonging  to  one  of  the 
simple  forms)  proceeds  to  produce  by  gemmation  the  com 
posite  adult.  The  development  of  the  Cotymda  (as  well  as 
that  of  the  Sertularida  and  Lticemarida)  obeys  the  general  law 
that  the  new  polypites  are  developed  at,  or  near,  the  distal  end 
of  the  hydrosoma ;  so  that  the  distal  polypites  are  the  youngest, 
the  reverse  of  this  obtaining  amongst  the  oceanic  Hydrozoa. 

The  subject  of  the  reproduction  of  the  Corynida  having 
been  treated  at  some  length,  so  as  £0  apply  to  tlie  remaining 
Hydrolda,  we  shall  now  give  a  brief 
description  of  the  two  leading  types 
of  structure  exhibited  by  tiie  order. 

Eudendrium,  a  genus  of  the  Cory- 
nida, which  is  not  uncommonly 
found  attached  to  submarine  ob- 
jects, usually  in  tolerably  deep 
water,  may  be  taken  as  a  good 
example  of  the  fixed  and  composite 
division  of  the  order.  ^  The  hydro- 
soma consists  of  numerous  polypites, 
united  by  a  ccenosarc,  which  is  more 
or  less  branched,  and  is  defended 
by  a  homy  tubular  polypary.  The 
polypites  are  borne  at  the  ends  of 
the  branches  and  branchlets,  and 
are  not  contained  in  "hydrothecEe," 
the  polypary  ending  abruptly  at  their 
bases.  The  polypites  are  non-re- 
tractile, of  a  reddish  colour,  and 
provided  with  about  twenty  ten- 
tacles, arranged  round  the  mouth  in 
a  single  row.  Tubularia  (fig.  16)  is 
very  similar  to  Eitdendiiwn,  but  the 

hydrosoma  is  either  undivided  or  is  jig.  ,i5.-C(>r)i,ida.  Frasmem  oi 
very  slightly  branched.  The  hydro-  J^c!"'"""  ""'""■"''  "^'""' 
soma  consists   of    clustered    homy 

tubes,  of  a  straw  colour,  and  not  unlike  straws  to  look  at ;  hence 
the  common  name  of  pipe -coralline  given  to  this  zoophyte. 
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Each  tube  is  filled  with  a  soft,  semi-fluid,  reddish  ccenosarc, 
and  gives  exit  at  its  distal  extremity  to  a  single  polypite.  The 
polypites  are  bright  red  in  colour,  and  are  not  retractile  within 
their  tubes,  the  horny  polypary  extending  only  to  their  bases. 
The  polypites  are  somewhat  conical  in  shape,  the  mouth  being 
placed  at  the  apes  of  the  cone,  and  they  are  furnished  with 
two  sets  of  tentacles.  One  set  consists  of  numerous  short 
tentacles  placed  directly  round  the  mouth ;  the  other  is  com- 
posed of  from  thirty  to  forty  tentacles  of  much  greater  length, 
arising  from  the  polypite  about  its  middle  or  near  the  base. 
Near  the  insertion  of  these  tentacles  the  generative  buds  are 
produced  at  proper  seasons. 

Coryomorpha  nutans  may  be  taken  to  represent  those  Cory- 
nida  in  which  there  is  no  polypary  and  the  hydrosoma  is  simple. 
It  is  about  four  inches  in  length,  and  is  fixed  by  filamentous 
roots  to  the  sand  at  the  bottom  of  the  sea.  It  consists  of  a 
single  whitish  polypite,  striped  with  pink,  and  terminating 
upwards  in  a  pear-shaped  head,  round  the  thickest  part  of 
which  is  a  circlet  of  from  forty  to  fifty  long  white  tentacles. 
Above  these  comes  a  series  of  long  branching  gonoblastidia, 
bearing  gonophores,  and  succeeded  by  a  second  shorter  set  of 
tentacles  which  surround  the  mouth.  The  gonophores  become 
ultimately  detached  as  free-swimming  medusoids. 

Order  III.  Sertularida  {Themphora,  Hincks).  —  This 
order  comprises  those  Hydrozoa  "  whose  hydrosoma  is  fixed  by 
a  hydrorhisa,  and  consists  of  several  polypites,  protected  by  hydro- 
theas,  and  connected  by  a  cmnosarc,  which  is  usually  branched  and 
invest^  by  a  very  firm  outer  layer.  R^rodudive  organs  in  the 
form  of  gonophores  arising  from  the  ccenosarc  or  from  gonoblas- 
tidia. " — (Greene. ) 

The  Sertularida  resemble  the  Corynida  in  becoming  perma- 
nently fixed  after  their  embryonic  condition  by  a  hydrorhiza, 
which  is  developed  from  the  proximal  end  of  the  ccenosarc ; 
but  they  differ  in  the  fact  that  the  polypites  are  invariably  pro- 
tected by  "  hydrotheciE,"  or  little  cup-like  expansions  of  the 
polypary  (fig.  17,  a,  b) ;  whilst  the  hydrosoma  is  in  all  cases 
composed  of  more  than  a  single  polypite.  The  ccenosarc 
generally  consists  of  a  main  stem — or  "hydrocaulus" — with 
many  branches  ;  and  it  is  so  plant-like  in  appearance  that  the 
common  Sertularians  are  almost  always  mistaken  for  sea-weeds 
by  visitors  at  the  seaside.  It  is  invested  by  a  strong  corneous 
or  chitinous  covering,  often  termed  the  "  periderm." 

The  polypites  are  sessile  or  subsessile,  hydra-form,  and  in  all 
essential  respects  identical  with  those  of  the  Corynida,  though 
usually  smaller.     Each  polypite  consists  of  a  sofi,  contractile, 
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and  extensile  body,  whiuh  is.  furnished  at  its  distal  extremity 
with  a  mouth  and  1  circlet  of  prehensile  tentacles,  richly  fur- 
nished with  thread-cells  The  tentacles  have  an  indistinctly 
alternate  arrangement  The  mouth  opens  into  a  chamber 
which  occupies  the  whole  length  of  the  polypite,  and  is  to  be 
regarded  as  the  combintd  body-cavity  and  digestive  sac.  At 
its  loner  end  this  chamber  opens  by  a  constricted  aperture 
into  a  tubular  cuity  which  is  everywhere  excavated  in  the 
substance  of  the  ccenosarc  (fig.  17,  S).     The  nutrient  particles 


Tig.  77.— a  Strtularia  {Dsfhasia)  finnila,  natural  h«;  b'  Frasmcnl  of  ihe  semi 
enljlSed,  dmyinga  male  capsule  (jX  and  allowing  the  hydroIheQK  (A) ;  6  Ftagmcnl 
OS  Cianfaitlilltriii  sielicla  (aflcr  Hincks^  sliomng  the  polypilcs  conlained  in  Iheir 
hydro.S«»  {k\  and  also  ihe  poini  at  which  the  ccencaarc  coramunicalM  with  the 
51t>machofll.epolypile(fl). 

obtained  by  each  polypite  thus  serve  for  the  support  of  the 
whole  colony,  and  are  distributed  throughout  the  entire 
organism.  The  nutritive  fluid  prepared  in  the  interior  of  each 
polypite  gains  access  through  the  above-mentioned  aperture  to 
the  cavity  of  the  ccenosarc,  which  by  the  combined  exertions 
of  the  whole  assemblage  of  polypites  thus  becomes  filled  with 
a  granular  nutritive  liquid.  This  ccenosarcal  fluid  is  in  con- 
stant movement,  circulating  through  all  parts  of  the  colony, 
and  thus  maintaining  its  vi^ity,  the  cause  of  the  movement 
being  probably  due,  in  part,  at  any  rate,  to  the  existence  of 
vibrating  cilia.  The  generative  buds  (gonophores  or  ovarian 
vesicles)  are  usually  supported  upon  gonoblastidia,  and  seldom, 
if  ever,  become  detached  in  the  true  Sertularids.      They  are 
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often  developed  in  chitinous  receptacles  known  as  "gono- 
thecse"  (fig.  17,  e).  The  young  Sertularian  on  escaping  from 
the  ovum  appears  as  a  free-swimming  cihated  body,  which 
soon  loses  its  cilia,  fixes  itself,  and  develops  a  young  ccenosarc, 
by  gemmation  from  which  the  branching  hydrosorna  of  the 
perfect  organism  is  produced. 

In  Plumularia  and  some  of  its  allies  there  occur  certain 
peculiar  organs,  probably  offensive,  to  which  the  name  of 
"  nematophores"  has  been  applied.  Each  of  these  consists  of 
a  process  of  the  ccenosarc,  which  is  invested  by  the  horny 
polypary,  with  the  exception  of  the  distal  extremity,  which 
remains  uncovered,  and  contains  many  large  thread-cells  em- 
bedded in  it 

Order  IV.  Cam  pan  ol  art  da. — The  members  of  this  order 
are  closely  allied  to  the  Sertularida;  so  closely,  indeed,  that 
they  are  very  often  united  together  into  a  single  group.  The 
chief  difference  consists  in  the  fact  that  the  hydrothecse  of  the 
Campanularida  with  their  contained  polypitfis  are  supported 
upon  conspicuous  stalks,  thus  being  terminal  in  position  (fig. 
17,  b)-,  whilst  in  the  Sertularida  they  are  sessile  or  subsessile, 
and  are  placed  laterally  upon  the  branchlets.  The  gonophores 
also  in  the  Campanularida  are  usually  detached  as  free-swim- 
ming medusoids,  whereas  they  remain  permanently  attached 
in  the  Sertularians.  Each  medusoid  consists  of  a  little  trans- 
parent glassy  bell,  from  the  under  surface  of  which  there  is 
suspended  a  modified  polypite,  in  the  form  of  a  "manubrium" 
{fig.  15).  The  whole  oiganism  swims  gaily  through  the  water, 
propelled  by  the  contractions  of  the  bell  or  disc  {gonocalyx)  ; 
and  no  one  would  now  suspect  that  it  was  in  any  way  related 
to  the  fixed  plant-like  zoophyte  from  which  it  was  originally 
budded  ofi".  The  central  polypite  is  furnished  with  a  mouth  at 
its  distal  end,  and  the  mouth  opens  into  a  digestive  sac.  From 
the  proximal  end  of  this  stomach  proceed  four  radiating  canals 
which  extend  to  the  circumference  of  the  disc,  where  they  all 
open  into  a  single  curcular  vessel  surrounding  the  mouth  of 
the  bell.  From  the  margins  of  the  disc  hang  also  a  number 
of  delicate  extensile  filaments  or  tentacles ;  and  the  circum- 
ference is  still  further  adorned  with  a  series  of  brightly-coloured 
spots,  which  are  probably  organs  of  sense.  The  mouth  of  the 
bell  is  partially  closed  by  a  delicate  transparent  membrane  or 
shelf,  the  so-called  "  veil."  Thus  constituted,  these  beautiful 
little  beings  lead  an  independent  and  locomotive  existence  for 
a  longer  or  shorter  period.  Ultimately,  the  essential  elements 
of  reproduction  are  developed  in  special  organs,  situated  in 
the  course  of  the  radiating  canals  of  the  disc.     The  resulting 
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embryos  arc  ciliated  and  free-swimming,  but  ultimately  fix 
themselves,  and  develop  into  the  plant-like  colony  from  which 
fresh  medusoids  may  be  budded  off.  The  ova  in  the  medusi- 
form  gonophores  are  usually  developed  in  the  course  of  the 
gonocalycine  canals,  and  not  between  the  ectoderm  and 
endoderm  of  the  manubrium,  as  is  the  case  in  the  Corynida. 
Examples  of  the  order  are  Campanularia  Laomedea,  &c  The 
distinctions  between  the  Strtularida  and  Campanulartda  are 
certainly  insufficient  to  justify  their  being  placed  in  separate 
orders.  If  united  together,  it  would  probably  be  best  to  adopt 
the  name  Thecaphora  (Hincks)  for  the  order,  and  to  employ 
ti\e  names  Seriularida  and  Campauularida  for  the  sub-orders. 


CHAPTER   IX. 
SIPHONOPHORA. 


Sub-class  II.  Siphonophora.  —  The  members  of  tbis  sub- 
class constitute  the  so-called  "Oceanic  Hydrozoa;"  and  are 
'iharacterised  by  the  possession  of  a  ''free  and  oceanic  hydro- 
soma,  consisting  of  several  polypiies  united  by  a  flexible,  contrae- 
tik,  unbranched  or  sl^My^ranched  ctenosarc,  the  proximal  end 
of  which  is  usually  furnished  with  '.nectocalyces,'  and  is  dilated 
iitio  a  '  sotnatocysl '  or  into  a  ' pneumatophore.'  "—(Greene.) 

All  the  Siphonophora  are  unattached,  and  permanently  free, 
and  all  are  composite.  They  are  singularly  delicate  organisms, 
mostly  found  at  the  surface  of  tropical  seas,  the  Portuguese 
man-of-war  {Physalict)  being  the  most  familiar  member  of  the 
group.  The  sub-class  is  divided  into-  two  orders— viz.,  the 
Calycophoridm  and  the  Physophorida, 

Order  I,  Calycophorid,*.  —  This  order  includes  those 
Siphonophora  whose  hydrosoma  is  free  and  oceanic,  and  is  pro- 
pelled by '^  nectocalyces"  attached  to  its  proximal  end.  The  hydro- 
soma consists  of  several  polypes,  united  by  an  unbranehed  cteno- 
sarc, which  is  highly  flexible  and  contractile,  and  never  develops  a 
hard  culicular  layer.  The  proximal  end  of  the  hydrosoma  is 
modified  into  a  peculiar  cavity  called  the  "  somatocyst."  lite  re- 
productive organs  are  in  the  form  of  medustform  gonophores  pro- 
duced by  buMing  from  the  peduncles  of  the  pdy  piles. 

In  all  the  Calycophorida  the  ccenosarc  is  filiform,  cylindrical, 
unbranehed,  and  highly  contractile,  this  last  property  being  due 
to  the  presence  of  abundant  muscular  fibres.     "  The  proximal 
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end  of  the  ccenosarc  dilates  a  little,  and  becomes  ciliated  in- 
ternally,  forming  a  small  chamber"  which  communicates  with 
the  nectocalycine  cajials.  "  At  its  upper  end  this  chamber  is 
a  little  constricted,  and  so  passes,  by  a  more  or  less  narrowed 
channel,  into  a  variously-shaped  sac,  whose  walls  are  directly 
continuous  with  its  own,  and  which  will  hencefonvard  be  termed 
the  somatotyst  (fig.  18,  3  b).  The  endoderm  of  this  sac  is  cil- 
iated, and  it  is  generally  so  immensely  vacuolated  as  almost  to 


iramity  of  a  Physopharid.     a  Pneuoiatocvsi.     i,  t'o^tia  featacautAa.  oim  of  ihe 

Cafp^PfiAorifL  a  ff'  Proximal  nnd  dizta]  nectacalyca  :  6  Somotocyal :  c  C^nosarc ; 
d  fiydrophylltum  or  bract ;  e  Medu^ronn  gojiophoR ; /PolyiHte.  The  dark  Ibes 
in  1^  I  aad  3  indicale  llie  endodenn,  the  light  line  with  the  ckat  Space  indicates 
theectodenn.    (After  Huxley.) 


:  ectodenn.    (After  Hi 

obliterate  the  internal  cavity,  and  give  the  organ  the  appearance 
of  a  cellular  mass." — (Huxley.)  The  polypites  in  the  Calyco- 
phorida  often  show  a  well-marked  division  into  three  portions, 
termed  respectively  the  proximal,  median,  and  distal  divisions. 
Of  these,  the  "proximal"  division  is  somewhat  contracted,  and 
forms  a  species  of  peduncle,  which  often  carries  appendages. 
'I'he  "  median  "  portion  is  the  widest,  and  may  be  termed  the 
"gastric  division,"  as  in  it  the  process  of  digestion  is  carried 
on.  It  is  usually  separated  from  the  proximal  division  by  a 
valvular  inflection  of  the  endodemn,  which  is  known  as  the 
"pyloric  valve."  The  polypites  have  only  one  tentacle  "de- 
veloped near  their  basal  or  proximal  ends,  and  provided  with 
lateral  branches  ending  in  saccular  cavities,"  and  furnished 
with  numerous  thread-cells.    The  proximal  ends  of  the  poly- 
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pites  usuallj  bear  certain  overkpping  plates,  of  a  protective 
nature  which  aie  termed  hydrophyljia,"  or  "bracts."  Tliey 
are  composed  of  processes  of  both  ectoderm  and  endoderm 
(fig  18  3  d)  and  they  always  contain  a  diverticulum  from  the 
somatic  cavity,  which  is  called  a  "  phyllocyst."  The  Calyco- 
phoridiB  always  possess  swimming-bells,  or  "  nectocalyces,"  by 
the  contractions  of  which  the  hydrosoma  is  propelled  through 
the  water  (fig.  18,  2).  The  nectocalyx  in  structure  is  very 
similar  to  the  "  gonocaiyx "  of  a  medusiform  gonophore,  as 
already  described  ;  but  the  former  is  devoid  of  the  gastric  or 
genital  sac- — the  "  manubrium"^ — possessed  by  the  latter.  Each 
nectocal}'x  consists  of  a  bell-shaped  cup,  attached  by  its  base 
to  the  hydrosoma,  and  provided  with  a  muscular  lining  in  the 
interior  of  its  cavity,  or  "  nectosac."  There  is  also  always  a 
"velum"  or  "veil,"  in  the  form  of  a  membrane  attached  to 
the  mouth  of  the  nectosac  round  its  entire  margin,  and  leaving 
a  central  aperture.  The  peduncle  by  which  the  nectocalyx  is 
attached  to  the  hydrosoma  conveys  a  canal  from  ■the  somatic 
cavity,  which  dilates  into  a  ciliated  chamber,  and  gives  off  at 
least  four  radiating  canals,  which  proceed  to  the  circumference 
of  the  bell,  where  they  are  united  by  a  circular  vessel ;  the 
entire  system  constituting  what  is  known  as  the  system  of  the 
"  nectocalycine  canals."  In  the  typical  Calycophoridm  two 
nectocalyces  only  arc  present,  but  in  some  genera  there  are 
more.  In  Praya  the  two  nectocalyces  are  so  apposed  to  one 
another  that  a  sort  of  canal  is  formed  by  the  union  of  two 
grooves,  one  of  which  exists  on  the  side  of  each  nectocalyx. 
This  chamber,  which  is  present  in  a  more  or  less  complete 
form  in  ail  the  genera,  is  termed  the  "  hydrtecium,"  and  the 
ccenosarc  can  be  retracted  within  it  for  protection. 

The  reproductive  bodies  in  the  Calycophoridiz  are  in  the 
form  of  medusiform  gonophores,  which  are  budded  from  the 
peduncles  of  the  polypites,  becoming,  in  many  instances,  de- 
tached to  lead  an  independent  existence.  In  some  Calycopho- 
rida,  as  in  Abyla,  "  each  segment  of  the  ccenosarc,  provided 
with  a  polypite,  its  tentacle,  reproductive  organ,  and  hydro- 
phyllium,  as  it  acquires  a  certain  size,  becomes  detached,  and 
leads  an  independent  life — the  calyx  of  its  reproductive  organ 
serving  it  as  a  propulsive  apparatus.  In  this  condition  it  may 
acquire  two  or  three  times  the  dimensions  it  had  when  at- 
tached, and  some  of  its  parts  may  become  wonderfully  altered 
in  form." — (Huxley.)  To  these  detached  reproductive  por- 
tions of  adult  Calycopliorida  the  term  "  Diphyozoijids "  has 
been  applied. 

As  regards  the  development  of  the    Calycopho!-ida,   "  not 
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only  the  new  polypites,  but  the  new  nectocalyces  and  repro- 
ductive Cleans,  and  even  the  branches  of  the  tentacles,  are 
developed  on  the  proximal  side  of  the  old 
ones  ;  so  that  the  distal  appendages  are  the 
oldest" — (Huxley.)'  The  process  of  de- 
velopment is  therefore  the  reverse  of  what 
obtains  amongst  the  Hydroida. 

Diphyes  (fig.  19),  which  may  be  taken 
as  the  type  of  the  Calycophoridm,  consists 
of  a  delicate  filiform  ccenosarc,  provided 
proximally  with  two  laj^e  mitre-shaped  nec- 
tocalyces  {v,  v'),  of  which  one  lies  entirely 
on  the  distal  side  of  the  other.  The  pointed 
apex  of  the  distal  nectocalyx  is  received  into 
a  special  cavity  in  the  proximal  nectocalyx. 
The  "  hydrcerium "  {h)  is  formed  partially 
b)    h      h  mb       n  the  nectocalyx,  and  par- 

Uy  b)  ai  h  d  groove  prolonged  upon 
tl       nn       u  f    e  of  the  distal  nectocalyx, 

th  n     h    h  the  ccenosarc  moves  freely  up 

d  d  wn  and  an  be  entirely  retracted  if 
n  ry      The  npper  part  of  the  ccenosarc 

d  la         n  mail  ciliated  cavity,    from 

1     h  g     n  off  two  tubes,  which  pro- 

1       p    &    !y  to  the  distal  and  proxiraa! 

n    t    alj  h  re  they  open  into  the  cen- 

(1  which  the  nectocalycine 

The     pp  r  portion 


Lt    Difiyis    Mnd         ^'      "an  u 

cui^(.!StsT}L  flit  ).     anal    tak    u 
^;™Diaral"«uI    of    his     mall       1  at 

polypites  each  na  o  y  t  T 

tfflc.  ^  «,.«  p^ij^  ^gg     a  h  of  1 

delicate  glas  y    hyd  opl )  11  um 


Divisions  o 
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Fam.  I.  Difihydn. — Nectocalyces  not  more  than  two  in  number,  and  of 
a  pol^onal  shape.  Hydrtecium  of  Ihe  proximal  nectocalyx  complete,  or 
closed  posteriorly.     Hydrophyllia  well  developed. 

Fam.  II.  SphmrB?tsctids. — Nectocalyces  proliably  not  more  than  two  in 
number  ;  the  proximal  nectocalyx  spheroidal,  with  a  complete  hydrteeium. 
No  hydrophyllia  (?). 

Fam.  III.  /Vaj-jiCiS.— Nectocalyces  two  in  number;  hydrtecia  incom- 
plete and  groove-like.      Polypites  protected  by  hydrophyllia. 

Fam.  Iv.  Hippopedida. — Nectocalyces  numerous ;  hydrteeia  incomplete. 
Polypites  not  protected  by  hydrophyllia. 

Order  II.    Physophorid.*^  —  This  second  order  of  the 
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Oceanic  Hydrozoa  comprises  those  Siphottophora  in  which  the 
kydrosoma  consists  of  several  polypites  vniied  by  a  flexible,  con- 
tractile, unbranclied  or  very  slightly  branclied  ccencsarc,  the  proxi- 
mal extremity  of  which  is  modifiedinto  a  " pneumafophore,"  and 
is  sometimes  provided  with  "  nectocalyces."  The  polypites  have 
either  a  single  basal  tentacle,  or  the  tentacles  arise  directly  from 
thecxnosarc.  " Hydrophyllia"  are  commonly  present.  Tlie  re- 
productive bodies  are  developed  upon  gonoblastidia. 

The  ccenosarc  in  the  Physophoridce,  hke  that  of  the  Calyco- 
phoridce,  is  perfectly  flexible  and  contractile;  but  it  is  not 
necessarily  elongated,  being  sometimes  spheroidal  or  discoidal. 
The  proximal  end  of  the  ccenosarc  "  expands  into  a  variously- 
shaped  enlargement,  whose  walls  consist  of  both  ectoderm  and 
endoderm,  and  which  encloses  a  wide  cavity  in  free  communi- 
cation with  that  of  the  ctenosarc,  and,  like  it,  full  of  the  nutri- 
tive fluid.  From  the  distal  end,  or  apex,  of  this  cavity  depends 
a  sac,  variously  shaped,  but  always  with  tough,  strong,  and 
elastic  walls,  composed  of  a  substance  which  is  stated  to  be 
similar  to  chitine  in  composition,  and  more  or  less  completely 
filled  with  ain" — (Huxley.)  The  large  proximal  dilatation  of 
the  ccEnosarc  is  termed  the  "pneumatophore,"  whilst  the  chiti- 
nous  air-sac  which  it  contains  is  termed  the  "  pneumatocyst " 
(fig.  18,  i).  The  pneumatocyst  is  held  in  position  by  the 
reflection  of  the  endoderm  of  the  pneumatophore  over  it,  and 
it  doubtless  acts  as  a  buoy  or  "float."  In  the  Portiigucse 
man-of-war  (Physalid)  the  pneumatocyst  communicates  with 
the  exterior  by  means  of  an  aperture  in  the  ectoderm  of  the 
pneumatophore.  In  Velella  and  Porpita  the  pn  ma  o  s 
communicates  with  the  exterior  by  means  of  se^e  al  op  n  ngs 
called  "  stigmata;"  and  from  its  distal  surface  depend  nun  e 
slender  processes,  containing  air,  and  known  a  pn  un 
filaments." 

The  polypites  of  the  Physophorida  resemble  1  o  e  of  he 
Calycophorida  in  shape,  but  the  tentacles  have  mu  h  n  o  e 
complicated  structure,  and  are  sometimes  many  inches  in  length, 
as  in  Physalia.  The  "  hydrophyllia  "  have  essentially  the  same 
structure  a-s  those  of  the  former  order.  There  occur  also  in 
the  Physophorida  certain  peculiar  bodies,  termed  "  hydrocysts" 
or  "  feelers  "  ("  fuhler"  and  "  taster"  of  the  Germans).  These 
resemble  immature  polypites  in  shape,  consisting  of  a  pro- 
longation of  both  ectoderm  and  endoderm,  usually  with  a 
tentacle,  and  containing  a  diverticulum  of  the  somatic  cavity, 
the  distal  extremity  being  closed,  and  furnished  with  numerous 
large  thread-cells.     They  are  looked  upon  as  "  organs  of  pre- 
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hension  and  touch,"  and  tliey  are  somewhat  analogous  to  the 
"  nematophores  "  of  some  of  die  Sertularida. 

As  regards  the  reproductive  organs,  they  are  developed  upon 
special  processes  or  "  gonoblastidia,"  and  they  may  remain 
permanently  attached,  or  they  may  be  thrown  off  as  free- 
swimming  medusoids.  In  many  of  the  Physopkorida  the 
male  and  female  gonophores  differ  from  one  another  in  form 
and  size,  and  they  are  then  tenned  respectively  "andro- 
phores  "  and  "  gynophores."  As  regards  their  development, 
the  Physophoridm  obey  the  same  general  law  as  the    Caly- 


In  Physophora  the  hydrosoma  consists  of  a  filiform  ci 
whidi  bears  the  polypites  and  their  appendages,  and  dilates 
proximally  into  a  pneumatophore.  Below  this  point  the 
coenosarc  bears  a  double  row  of  nectocalyces,  which  are 
channelled  on  their  inner  faces  to  allow  of  their  attachment 
to  the  ccenosarc.  There  are  no  hydrophyllia,  but  there  is 
a  series  of  "  hydrocysts "  on  the  proximal  side  of  the  poly- 
pites. 

Physalia,  or  the  Portuguese  man-of-war  (fig.  20,  a),  is  com- 
posed of  a  large,  bladder-like,  fusiform  "float"  or  pneumato- 
phore— sometimes  from  eight  to  nine  inches  in  length — upon 
the  under  surface  of  which  are  arranged  a  number  of  polypites, 
together  with  highly  contractile  tentacles  of  great  length,  "  hy- 
drocysts," and  reproductive  ot^ans.  Physalia  is  of  common 
occurrence,  floating  at  the  surface  of  tropical  seas ;  and  fleets 
of  it  are  not  uncommonly  driven  upon  our  own  shores 

In  Vtlella  (fig  zo,  h)  the  hydrosoma  consists  of  a  widely- 
expanded  pneumatophore  of  a  rhomboidd  shape,  carrying 
upon  Its  upper  surface  a  diagonal  \ertica!  crest  Both  the 
horizontal  disc  and  the  vertical  crebt  are  composed  of  a  soft 
margmal  "limb,"  and  a  central  more  ronsistent  "firm  part." 
"  To  the  distal  surface  of  the  firm  part  of  the  disc  are  attached 
the  several  appendages,  including,  i.  a  single  large  polypite, 
nearly  central  in  position;  2.  numerous  small  gonoblastidia, 
which  resemble  polypites,  and  are  termed  "  phyogemmaria ; " 
and,  3.  the  reproductive  bodies  to  which  these  last  give  rise. 
The  tentacles  are  attached,  quite  independently  of  die  poly- 
pites, in  a  single  series  along  the  line  where  the  firm  part  and 
limb  of  the  disc  unite.  There  are  no  hydrocysts,  nectocalyces, 
or  hydrophyllia.  .  .  .  On  all  sides  the  limb  is  traversed 
by  an  anastomosing  system  of  canals,  which  are  ciliated,  and 
communicate  with  the  cavities  of  the  phj'ogemmaria  and  large 
central  polypite." — (Greene.)  Vdella  is  about  two  inches  in 
length  by  one  and  a  half  in  height.     It  is  of  a  beautiful  blue 
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colour  and  semi-transparent,  and  it  floats  at  the  surface  of  the 
Rea,  with  its  vertical  crest  exposed  to  the  wind  as  a  saiL 


Divisions  op  the  Phvsofhorip^. 


Fatii.  L  Apokmiada. — Hydrosoma  with  neclocalyces  and  hydrophyllia, 
Oie  latter  united  with  the  other  organs  into  group       h    h  ae  arranged 
considerable  intervals  along  the  ccenosarc     Ccen  sa  c  fi  fo  m      Pneum 
tocyst  snialL 

Fam.  II.  Stefihanemiadrp.—liyiTosoTas.  with  ne  o  y  es  and  hydi 
phyllia,  the  latter  arranged  with  the  other  organ  n  a  n  u  s  seri< 
Ccenosarc  tilifonn.      Pneumatocyst  small. 

Fam.   III.  FAysopiviiadit.—'iiyS.rfisomi.  with  n      oca      ea,  bu    withoul 
hydrophyllia.     Distal  end  of  the  filiform  ccenos  a,  ed      Pneu  latocjst 

Fam.   IV,  ArhoryiidiE.  —  Hydrosoma  without   nectocalyces,    but  with 
hydrophyllia.     Pneumatocyst  occupying  almost  the  whole  of  tlie  globular 
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Fam.  VI.  Physaliads. — Pneumatocyst  occupying  almost  the  whole  of 
the  thick  and  irregularly  fusiform  ccenosarc  No  nectoealyees  ot  hydro- 
phyllia. 

Fam.  VII.  Vddlidti. — Hydrosoma  without  nectocaiyces  or  hydrophyl- 
]ia ;  with  short,  ample,  or  branched  submarginal  lenlaclcs.  A  single 
central  principal  polypite.  Piienmatocyat  flattened,  divided  into  chambers 
bjr  numerous  concentiic  partitions,  and  occupying  almost  the  whole  of  the 
diBcoidal  cc 


CHAPTER    X. 

DISCOPHORA. 


Sub-class  III.  Discophora  {Acakp/tm*  in  part). — Since  this 
sub-class  contains  only  a  single  order,  that  of  the  Medusida,  a 
single  definition  necessarily  suffices  for  both.  The  Medusida 
are  defined  as  "Hydrozoa  whose  hydrosatna  is  free  and  oceanic, 
consisting  of  a  single  nectocalyx,  from  the  roof  of  which  a  single 
polypite  is  suspended.  The  ne^ocalyx  is  furnished  with  a  system 
of  canals.  The  reproductive  organs  are  as  processes  either  of  the 
sides  of  the  polypite  or  of  the  nectocalycine  canals." — (Greene.) 

The  Medusida  comprise  most  of  the  organisms  commonly 
known  as  Jelly-fishes  or  Sea-nettles,  the  last  name  being  de- 
rived from  the  property  which  some  of  them  possess  of  severely 
stinging  the  hand,  this  power  being  due  to  the  presence  of 
numerous  thread-cells.  As  employed  by  modem  naturalists, 
the  order  is  very  much  restricted,  and  it  is  by  no  means  impro- 
bable that  it  will  ultimately  be  entirely  done  away  with,  very 
many  of  its  members  having  been  shown  to  be  really  the  free 
generative  buds  of  other  Hydrosoa.  As  used  here,  it  corre- 
sponds to  part  of  the  Gynmophihalmate  Medusa  of  Professor 
E.  Forbes,  the  Steganophthalmate  Medusa  of  the  same  author 
being  now  placed  in  the  sub-class  Lucemarida. 

The  hydrosoma  of  one  of  the  Discophora  {  =  a  Gymnoph- 
thalmate  Medusa)  is  composed  of  a  single  gelatinous  bell-shaped 

•  The  old  sub-class  of  the  Acal^ha  contained  the  Gymnophthalntatt 
Maiusa  (=  the  Discephem,)  and  the  Steganepht&almale  Medusie  (••  the 
LucernatTda  in  part),  the  two  being  placed  in  n  single  order  under  the 
name  of  Pulmograda.  The  Acal^&c  also  contained  the  Ctenephora  and 
the  Calycopheridiz  tsA  Pkysophorida,  of  which  the  former  constituted,  the 
order  ■  Ciliogmda,  whilst  the  two  latter  made  up  the  order  Fhysograda. 
The  Ctenephora,  however,  are  now  generally  placed  amongst  the  Actinotoa, 
whilst  the  Calyinphorida  and  Physopkoridis  constitute  the  Hydrozoal  sub- 
class SipAoHophem. 
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sn-imming  oi^n,  the  "  nectocalyK"  or  "  disc,"  from  the  roof  of 
which  a  single  polypite  is  suspended  (fig.  21).  The  interior  of 
the  nectoc^yx  is  often  called  the  "  nectosac,"  and  the  term 
"  codonostoma "  has  been   proposed  to  designate  the  open 


mouth  of  the  belL  The  margin  of  the  nectocalyx  is  produced 
inwards  to  form  a  species  of  shelf,  running  round  the  margin 
of  the  mouth  of  the  bell,  and  termed  the  "  veil "  or  velum," 
by  the  presence  of  which  the  nectocalyx  is  distinguished  from 
the  somewhat  similar  "umbrella"  of  the  Lucernarida.  The 
endodermal  lining  of  the  central  polypite  or  "manubrium" 
(sometimes  called  the  "proboscis")  is  prolonged  into  four 
radiating  canals,  which  run  to  the  periphery  of  the  necto-alyx 
where  they  are  conne  d  by  ir  ula  an  1  wh  h  n  u  d 
its  circumference,  th  wl  I  n  t  utng  h  y  t  m  f  th 
" nectocalycine   canal       (f    m    ly     all  d  tl  hylaq     o 

canals").  From  the  ir  n  f  en  e  f  th  n  t  calyx  d  p  nd 
marginal  tentacles,  wh   h  a      u  ually  b  11  w  p      e  m 

posed  of  both  ectod  mad  end  drmalnnmd 
connection  with  the  canal  system.  Also  round  the  circum- 
ference of  the  nectocalyx  are  disposed  certain  "  marginal 
bodies,"  of  which  two  kinds  may  be  distinguished.  Of  these 
the  first  are  termed  "  vesicles,"  and  consist  of  rounded  sacs 
lined  by  epithelium,  and  containing  one  or  more  solid,  motion- 
less concretions — apparently  of  carbonate  of  lime — immersed 
in  a  transparent  fluid.  The  second  class  of  marginal  bodies, 
variously  termed  "  pigment-spots,"  "eye-specks,"  or  "ocelli," 
consists  of  little  aggregations  of  pigment  enclosed  in  distinct 
cavities.  The  "  vesicles"  are  probably  rudimentary  organs  of 
hearing,  and  possibly  the  eye-specks  are  a  rudimentary  form  of 
visual  apparatus.      The  oral  margin  of  the  polypite  may  be 
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simple,  or  it  may  be  produced  into  lobes,  which  are  most 
frequently  four  in  number.  The  essential  elements  of  genera- 
tion are  produced  in  simple  expansions  either  of  the  wall  of 
the  manubrium  or  of  the  radiating  nectocalycine  canals. 


e  es.— Group  of  naked-eyed  Mrdisa. 
Eirislng  ftom  llic  sides  of  the  cenlial  polypi 


Forbos) 


From  the  above  description  it  will  be  evident  that  the 
Medusa  is  in  all  essential  respects  identical  in  structure  with 
the  free-swimming  generative  bud  or  gonophore  of  many  of 
the  fixed  and  oceanic  Ilydrozoa.  Indeed,  a  great  many  forms 
which  were  previously  included  in  the  Medusid^s  have  now 
been  proved  to  be  really  of  this  nature,  and  it  may  fairly  be 
doubted  if  tiiis  will  not  ultimately  be  found  to  apply  to  all. 
As  to  the  value,  however,  of  the  order  Medusidce,  the  present 
state  of  our  knowledge  is  well  expressed  by  the  following  con- 
clusions which  have  been  drawn  up  by  Professor  Greene : — 

"i.  That  several  of  the  organisms  formerly  described  as 
Medusida  are  the  free  gonophores  of  other  orders  of  Hydroeoa. 

"  2.  That  the  homology  of  these  free  gonophores  with  those 
simple  expansions  of  the  body-wall  whidi  in  Hydra  and  some 
other  genera  are  known  to  be  reproductive  organs  by  their 
contents  alone,  is  proved  alike  by  the  existence  of  numerous 
transitional  forms  and  by  an  appeal  to  the  phenomena  of  their 
development. 
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''  3.  That  many  of  the  so-called  M  !  s  dajiay  from  ana 
logy  h<.  regar  ied  -is  m  like  manner  medus  form  go  ophores 

4  But  that  there  n  ay  ex  st  ne  er  hele  s,  1  j,ro  p  of 
Mdusti  forms  which  may  gve  r  se  hy  true  reproduct  on  to 
orgimsms  directly  resembl  ng  the  r  ji  re  ts  a  d  tl  erefore 
worthy  of  being  placed  in  a  separate  order  under  t  e  name 
MedusidT 

ITie  same  1  ithonty  concludes  by  remark  ng  that  to  the 
order  as  iboie  defined  may  be  referred  prov  o  allj  tl  \t 
Urge  asiemblij,e  of  forms  anato  n  cally  s  n  lar  to  true  Af  /u 
iiis  but  whose  development  is  u  k  o  vn  Bes  de  t  e  hrt,e 
group  of  forms  thus  teniporarlyadn  tted  alltheTri/  en  da 
and  ^gim  iz  are  stited  by  C  egenbauer  to  fu  fil  he  co  it  ons 
of  the  abo\  e  detmit  on  ind  sho  Id  theri-forc  belcokedujon 
as  true  \fedusi  im 

\s  to  the  development  of  tl  ese  tn  e  M dus  i?  little  is 
kiown  for  certain  It  appears  ho  ever  that  m  T tuhyn  na 
^i,m  pits  and  other  genera  theenlryo  s  d  rectly  de^  eloped 
into  a  form  resembl  ng  its  parent,  vithout  pass  ng  through  ai  y 
intermed  ate  changes  of  iorra.  It  is  hardly  necessary  to  re- 
mark that  this  IS  not  the  case  with  the  embryos  of  a  medusiform 
f,onophore  these  being  de\  eloped  into  the  sexless  Hydrozoon 
by  which  the  medusoid  was  produced. 

In  this  connection,  allusion  may  be  made  to  the  long-known 
fact  that  certain  medusiform  gonophores  are  capable  of  pro- 
ducing independent  forms  directly  resembling  themselves,  but 
this  is  by  a  process  of  gemmation,  and  not  by  one  of  true  re- 
production. Technically  these  are  called  "  tritozooids,"  as 
being  derived  from  organisms  which  are  themselves  but  the 
generative  zooids  of  anotherbeing.  This  singular  phenomenon 
has  been  observed  in  various  medusiform  gonophores  (e.g., 
Sarsia  gemmifera,  fig.  22,  a),  the  buds  springing  in  different 
species  from  the  gonocalycine  canals,  from  the  tentacles,  or 
from  the  sides  of  the  polypite  or  manubrium. 

The  "naked-eyed"  Medusa,  though  mostly  very  diminutive 
in  point  of  size,  are  exceedingly  elegant  and  attractive  when 
examined  in  a  living  condition,  resembling  little  bells  of  trans- 
parait  glass,  adorned  here  and  there  with  the  most  brilliant 
colours.  They  occur  in  their  proper  localities  and  at  proper 
seasons  in  the  most  enormous  numbers.  They  are  mostly 
phosphorescent,  or  capable  of  giving  out  light  at  night,  and 
they  appear  to  be  one  of  the  principal  sources  of  the  lumi- 
nosity of  the  sea.  It  does  not  seem,  however,  that  they  phos- 
phoresce, unless  irritated  or  excited  in  some  manner. 
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CHAPTER    XI. 

LUCERNARIDA  AND  GRAPTOLITID^. 

Sub-class  IV.  Lucernarida  {Acalephm,  in  part). — The  mem- 
bers of  this  sub-class  may  be  defined  as  Hydrozoa  "  wJiose  hy- 
drosoma  has  its  base  developed  into  an  '  umbrella^  in  the  wails  of 
which  the  reprodtKtive  organs  are  produced." — (Greene.) 

A  laige  number  of  forms  included  in  the  Lucernarida  were 
described  by  Edward  Forbes  under  the  name  of  Steganophthal 
mate  Medtisce,  being  in  many  external  characters  closely  similar 
to  the  Medusidm.  These  "  hidden-eyed  "  Medusa  are  familiar 
to  every  one  as  "sea-blubbers"  or  " sea-jelHes,"  and  they 
occur  in  great  numbers  round  our  coasts  during  the  summer 
months.  The  resemblance  to  the  little  jelly-fishes  is  especially 
strong  between  the  disc  or  "  nectocalyx  "  of  the  true  Medusida 
and  the  "  umbrella  "  of  the  Lucernarida,  the  latter  being  often 
a  bell-shaped  swimming  organ,  with  marginal  tentacles,  and 
containing  one  or  more  polypites.  These  analogous  structures 
(figs.  22  and  25)  are,  however,  distinguished  as  follows: — 
I.  The  "umbrella"  of  the  Lucernarida  is  never  fumjshed  with 
a  "  velum,"  as  is  the  nectocalyx  of  the  Medusidce.  2.  The 
radiating  canals  in  the  fonner  are  never  less  than  eight  in 
number,  and  they  send  off  numerous  anastomosing  branches, 
which  join  to  form  an  intricate  network ;  whereas  in  the  latter 
they  are  rarely  more  than  four  in  number,  and  though  they 
may  subdivide,  they  do  not  anastomose.  3.  In  the  place  of 
the  separate  and  unprotected  "vesicles"  and  "ocelli"  of  the 
Medtisidce,  the  marginal  bodies  of  the  Lucernarida  consist  of 
these  bodies  combined  together  into  single  organs,  which  are 
termed  "  lithocysts,"  and  which  are  protected  externally  by  a 
sort  of  hood. 

The  Lucernarida  admit  of  being  divided  into  three  orders 
— viz.,  the  Lucemariada,  the  Pelagidte,  and  the  Rhizoslomida. 

Order  I.  LucERNARiAD/E. — This  order  includes  those  Lucer- 
narida which  have  only  a  single  polypiie,  are  fixed  by  a  proximal 
hydrorhiza,  mid  possess  short  tentacles  on  the  margin  eftheum- 
brdla.  Tie  reproductive  elements  "  are  developed  in  the  primitive 
hydrosoma  without  the  intervention  of  free  zooids" — (Greene.) 

In  Lucernaria  (fig.  23),  which  may  be  taken  as  the  type  of 
the  order,  the  body  is  campanulate  or  cup-shaped,  and  is 
attached  proximally  at  its  smaller  extremity  by  a  hydrorhiza, 
which,  however,  hke  that  of  the  Hydra,  is  not  permanently 
fixed.     When  detachedj  the  animal  is  able  to  swim  with  toler- 
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able  lapidity  by  means  of  the  alternate  contractinn  and  expan- 
sion of  the  umbrella.  Around  the  margin  of  the  umbrella  are 
tufts  of  short  tentacular  processes,  and  i  ' 
pite  with  a  quadrangular,  four-lobed 
mouth.  "  In  transverse  section  the 
polypite  tnay  be  described  as  some- 
what quadrilateral,  with  a  sinuous  out- 
line, which  expands  at  its  four  angles 
to  form  as  many  deep  longitudinal 
folds,  within  which  the  simple  genera- 
tive bands  are  lodged."  —  (Greene.) 
Wide  longitudinal  canals  are  formed 
by  septa  passing  from  the  walls  of  the 
polypite  to  the  inner  surface  of  the  cup, 
and  a  circular  canal  runs  immediately 
beneath  the  insertion  of  the  tentacles. 
The  reproductive  elements  are  pro- 
duced within  the  body  of  Litcernaria 
itself,  without  the  intervention  of  any  . 
generative  zooid.  1 

Order  II.  Pelagid^. — This  order 
is  defined  as  including  Lucemarida 
which  possess  a  single  polypite  only,  and 
an  umbrella  with  marginal  tentacles. 
Tlu  reproductive  elements  '^  are  developed 
in  a  free  umbrella,  which  either  consti- 
tutes the  primitive  hydrosoma,  or  is  pro- 
duced by  fission  from  an  attached  Lucer- 
naroid." — {Greene. ) 

Two  types,  therefore,  exist  in  the  Pelagidie.  The  one  type 
is  represented  by  a  fixed  "  trophosome,"  resembling  Lueernaria, 
but  distinguished  from  it  by  the  fact  that  the  generative  ele- 
ments are  not  developed  in  the  primitive  hydrosoma,  but  in  a 
free  "gonosome,"  which  is  produced  for  Uie  purpose.  The 
second  type,  represented  by  Pelagia  itself,  is  permanently  free, 
thereby  differing  from  Lueernaria,  which  it  approaches,  on  the 
other  hand,  in  the  fact  that  its  generative  elements  are  pro- 
duced in  its  own  umbrella  without  the  intervention  of  free 
generative  zooids.  Pelagia,  however,  differs  considerably  in 
structure  fi-om  Lueernaria,  and  in  all  essential  characters  is  not 
anatomically  separable  from  a  Stcganophthai7nafe  Medusid,  The 
process  of  reproduction  as  displayed  in  the  first  section  of  the 
P^agida  will  be  considered  when  treating  of  that  of  die  Hhi- 
zostomidm,  there  being  no  important  difference  between  the 
two,  except  as  concerns  the  structure  of  the  generative  zooids. 
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Order  III,  Rhizostomid^ — The  members  of  this  order 
are  defined  as  being  Lucernarida,  in  which  the  reprodudive 
elements  are  developed  in  free  zooids,  produced  by  jissigjifrgm  at- 
tacked  Lutemaroids.  The  umbrella  of  the  generative  zooids  is 
withmU  marginal  tentacles,  and  the  pofypites  are  "  numerous, 
trwdified,  forming  with  the  genitalia  a  dendriform  mass  depending 
from  the  umbrella." — (Greene.) 

The  following  is  a  brief  summary  of  the  life-history  of  a 
member  of  this  extraordinary  order  (fig.  24),  the  illustration, 
however,  representing  the  development  of  Chrysaora,  one  of  the 
PelagidtE,  in  which  the  phenomena  are  essentially  the  same.  The 
embryo  is  a  free-swimming,  oblong,  ciliated  body,  termed  a 
"planula"  (a),  of  a  very  minute  sizcj  and  composed  of  an  outer 
and  inner  layer  enclosing  a  central  cavity.  The-  planula  soon 
becomes  pear-shaped,  and  a  depression  is  formed  at  its  larger 
end.  "  Next,  the  narrower  end  attaches  itself  to  some  sub- 
marine body,  whilst  the  depression  at  the  opposite  extremity, 
becoming  deeper  and  deeper,  at  length  communicates  with  the 
interior  cavity.  Thus,  a  mouth  is  formed,  around  which  may 
be  seen  four  small  protuberances,  the  rudiments  of  tentacula. 
In  the  interspaces  of  these  four  new  tentacles  arise ;  others  in 
quick  succession  make  their  appearance,  until  a  circlet  of  nu- 
merous filiform  appendages,  containing  thread-cells,  surrounds 
the  distal  matgin  of  the  'Hydra-toba'  {b),  as  the  young  organ- 
ism at  this  stage  of  its  career  has  been  termed  by  Sir  J.  G. 
Dalyell.  The  mouth,  in  the  mean  time,  from  being  a  mere 
quadrilateral  orifice,  grows  and  lengthens  itself  so  as  to  consti- 
tute a  true  polypite,  occupying  the  axis  of  the  inverted  umbrella 
or  disc,  which  supports  the  marginal  tentacles.  The  space 
between  the  walls  of  the  polypite  and  umbrella  is  divided  into 
longitudinal  canals,  whose  relations  to  the  rest  of  the  organism, 
and,  indeed,  the  whole  structure  of  Hydra-tuba,  closely  re- 
semble what  may  be  seen  in  Luccrnaria." — (Greene,  Manual 
of  Ctslenterata  )  The  Hvdra  tuba  thus  constitutes  the  fixed 
"  Lucemaroid  or  the  trophosome  of  one  of  the  Rhizosto- 
mida.  In  height  it  is  less  than  half  an  inch  but  it  possesses 
the  power  of  forming  by  gemmation  large  colonies  whchmay 
remain  in  this  condition  tor  ye-irs  the  organism  itself  being 
incapable  of  producmg  the  essent  al  elements  ot  generation. 
Under  certain  circumstances  however  reproductive  zooids  are 
produced  by  the  following  singular  process  (hg  24).  The 
Ilydra-iuba  becomes  elongated  ai  d  becomes  mirked  by  a  se- 
ries of  grooies  or  circ  lar  mdentations  extending  trinsversely 
across  the  body  from  a  little  btlon  the  tentacles  to  a  1  ttle  above 
the  fixed  extremity.     At  this  stage  the  oigamsm  was  described 
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as  new  by  Sars,  under  the  name  "  Scyphistoma "  (c).  The 
annulations  or  constrictions  go  on  deepening,  and  become 
tobed  at  their  margin,  till  the  Scyphistoma  assumes  the  aspect 
of  a  pile  of  saucers,  arranged  one  upon  another  with  their  con- 


Fie.  >4— 

l  Hydr , 

sD*U  further  advanced,  consdlutliis 

in  which  a  fresh  cb^et  of  tcntac...  ... 


;!/Fr«- 


cave  surfaces  upwards.  Thi^  stage  was  described  by  Sars 
under  the  name  of  "  Strobila  "  (d).  The  tentacular  fringe  which 
originally  surrounded  the  margin  of  the  Hydra-tuba  now  dis- 
appears, and  a  new  circlet  is  developed  below  the  annulations, 
at  a  point  a  little  above  the  fixed  extremity  of  the  Strobila  if). 
"The  disc-like  segments  above  the  tentacles  gradually  fall  off, 
and,  swimming  freely  by  the  contractions  of  the  lobed  mai^in 
which  each  presents,  they  have  been  described  by  Eschscholtz 
as  true  Medusidm  under  the  name  of  Ephyra"  (/).  Each 
Ephyra,  however,  soon  shows  its  true  nature  by  becoming 
developed  into  a  free-swimming  reproductive  body,  usually  of 
large  size,  with  umbrella,  hooded  lithocysts  and  tentacles, 
constituting,  in  (act,  a  Steganophthalmati  Medusa.  The  re- 
productive zooid  now  swims  freely  by  the  contractions  of  its 
umbrella,  and  it  eats  voraciously  and  increases  largely  in  size. 
The  essential  elements  of  generation  are  then  developed  in 
si>ecial  cavities  in  the  umbrella,  and  the  fertilised  ova,  when 
liberated,  appear  as  free-swimming,  ciliated  "planulje,"  which 
fix  themselves,  become  Hydra-tubiz,  and  commence  again  the 
cycle  of  phenomena  which  we  have  above  described. 

As  regards  the  j/arf  of  these  reproductive  zooids  as  compared 
with  the  organism  by  which  they  are  given  off,  it  may  be  men- 
tioned that  the  umbrella  of  Cyanea  arctica  has  been  found  in 
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one  specimen  to  be  seven  feet  in  diameter,  with  tentacles  more 

than  fifty  feet  in  length,  the  fixed  Lucernarotd  from  which  it 

was  produced   not  being 

more  than  half  an  inch  in 

height. 

As  regards  the  special 
structure  of  these  gigantic 
reproductive  bodies,  con- 
siderable differences  obtain 
between  the  Rhizostomida 
and  that  section  of  the 
Pelagidiz  in  which  this 
method  of  reproduction  is 
employed,  \al\ie  Fdagidis, 
namely,-  the  generative 
zooids  possess  a  general, 
though  chiefly  mimetic,  re- 
semblance both  to  the 
genuine  Discophera  and  to 
the  free-swimming  medu si- 
form  gonophores  of  so 
many  of  the  Hydrozm,  and 
they  have  the  following 
structure.     Each  (fig.  25) 

Rg,  15. —Hidden-eyed  Medusa.      Generative      COUSistS    of  -  a    faell-shapcd, 

S^innSSi'"""*  """""  Eektinoni  disc,  the  »»m- 
brella,"  from  the  roof  of 
which  is  suspended  a  large  polypite,  the  lips  of  which  are  ex- 
tended into  lobed  processes  often  of  considerable  length,  "  the 
folds  of  which  serve  as  temporary  receptacles  for  the  ova  in 
the  earlier  stages  of  their  development."  The  polypite — 
manubrium  or  proboscis — is  hollowed  into  a  digestive  sac, 
which  communicates  with  a  cavity  in  the  roof  of  the  umbrella, 
from  which  arise  a  series  of  radiating  canals,  the  so-called 
"chylaqueous  canals."  These  canals,  which  are  never  less 
than  eight  in  number,  branch  freely  and  anastomose  as  they 
pass  towards  the  periphery  of  the  umbrella,  where  the  entire 
series  is  connected  by  a  circular  marginal  canal.  This,  in 
turn,  sends  tubular  processes  into  the  marginal  tentacles,  whidi 
are  often  of  great  length.  Besides  the  tentacles,  the  margin  of 
the  umbrella  is  furnished  with  a  series  of  peculiar  bodies, 
termed  "  lithocysts,"  each  of  which  is  protected  by  a  sort  of 
process  or  hood  derived  from  the  ectoderm,  and  consists 
essentially  of  a  combined  "  vesicle  "  and  "  pigment-spot,"  such 
as  have  been  described  as  occurring  in  the  MedusidcE.     These 
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marginal  Irodies  likewise  communicate  with  the  chylaqueous 
canals.  The  reproductive  elements  "are  lodged  in  saccular 
processes  of  the  lower  portion  of  the  central  cavity,  immedi- 


'fc£; 


ately  above  the  bases  of  the  radiating  canals,  and,  being 
usually  of  some  bright  colour,  form  a  conspicuous  cross  shining 
through  the  thickness  of  the  disc" — (Greene.) 

In  the  Rhizostomidte  the  reproductive  zooids  (fig.  26)  differ 
from  those  we  have  just  described  as  occurring  in  the  first 
section  of  the  Pdagidx,  in  not  possessing  tentacles  on  the 
margin  of  the  umbrella,  and  in  having  the  simple  central 
polypite  replaced  by  a  composite  dendriform  process,  which 
bears  numerous  polypites,  projects  far  below  the  umbrella, 
and  is  thus  described  by  Professor  Huxley :— "  In  the  Rfuzo- 
stomidm  (fig.  26)  a  complex,  tree-like  mass,  whose  branches,  the 
'  stomatodendra,'  end  in,  and  are  covered  by,  minute  polypites, 
interspersed  with  clavate  tentacula,  is  suspended  from  the  middle 
of  the  umbrella  in  a  very  singular  way.  The  main  trunks  of  the 
dependent  polypiferous  tree,  in  fac^  unite  above  into  a  thick, 
flat,  quadrate  disc,  the  '  syndendrium,'  which  is  suspended  by 
four  stout  pillars,  the  '  dendxostyles,'  one  springing  from  each 
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angle,  to  four  corresponding  points  on  the  under  surface  of  the 
umbrella,  equidistant  from  its  centre.  Under  the  middle  of  the 
umbrella,  therefore,  is  a  chamber,  whose  floor  is  formed  by  the 
quadrate  disc,  whilst  its  roof  is  constituted  by  the  under  wall  of 
the  central  cavity  of  the  umbrella,  and  its  sides  are  open.  The 
reproductive  elements  are  developed  within  radiating  folded 
diverticula  of  the  roof  of  this  genital  cavity." 

It  appears,  finally,  that  amongst  the  old  Pulmograde  Aca- 
lephfe,  or  amongst  what  would  commonly  be  cailed  Jelly-fishes, 
we  have  the  following  distinct,  sets  of  beings,  which  resemble 
each  other  more  or  less  closely  in  appearance,  but  differ  in 
their  true  nature  : — ■ 

I.  Free  medusiform  gonophores  of  various  Corytiida,  Sertu- 
iarida,  CampanulaT^a,  and  tbe  Oceanic  Hydrozoa. 

■J.  True  Medusida,  entirely  resembling  the  former  in  anato- 
mical structure,  but  differing  in  the  fact  that  their  ova  do 
not  give  rise  to  a  fixed  zooid,  but  to  free-swimming  organ- 
isms exactly  like  the  parent  hydrosoraa  (Trachynemidm  and 
.■Esinida). 

3.  Hydrozoa,  which  are  provided  with  an  "  umbrella  "  (with 
all  the  peculiarities  belonging  to  this  structure),  but  which  re- 
produce themselves  without  the  intervention  of  free  generative 
zooids  produced  by  fission  {Felagid). 

4.  The  free  generative  /ooids  of  most  of  the  Pelagida,  with 
an  umbrella  and  a  single  polypite,  the  primitive  hydrosoma 
being  fixed  and  sexless  [Aurelia,  Cyanea,  &c.) 

5.  The  free  generative  zooids  of  the  Rhizostomidm,  with  an 
umbrella  and  a  complex  central  tree  bearing  many  polypites 
(Rhizostoma,  Cephea,  &c.) 

Of  these  five  classes  of  organisms,  Nos.  i  and  2  constitute 
the  Gymnophthalmate  Medusa  of  Professor  E.  Forbes,  whilst 
Nos.  3,  4,  and  5  are  the  Steganophthalmate  MedusiE  of  the 
same  naturalist. 

Sub-class  V.  Graptolitid-«.— The  organisms  included  at 
present  under  this  head  are  all  extinct,  and  they  are  in  many 
respects  so  dissimilar,  and  their  structure  is  so  far  from  being 
entirely  understood,  that  it  is  doubtful  if  any  definition  can 
be  framed  which  will  include  all  the  supposed  members  of  the 
family.  The  following  definition,  however,  will  include  aJI  the 
most  typical  Graptolites  : — 

Hydrosoma  compound,  occasionally  branched,  consisting  of 
numerous  polypites  united  by  a  ccenosarc;  the  latter  being 
enclosed  in  a  strong  tubular  polypary,  whilst  the  former  were 
protected  by  hydrothecie.  In  the  great  majority  of  Graptolites 
the  hydrosoma  was  certainly  unattached ;  but  in  some  aberrant 
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forms — doubtfully  belonging  to  the  sub-class — there  is  reason 
to  believe  that  the  hydrosoma  was  fixed.  The  polypites  are 
never  separated  from  the  ccenosarc  by  any  partition.  In  many 
cases  the  hydrosoma  was  strengthened  by  a  solid  chitinous  rod, 
the  "solid  axis,"  somewhat  analogous  to  the  chitinous  rod  re- 
cently described  by  Professor  Allman  in  the  singular  Poly zoon. 


From  the  above  definition,  it  will  be  seen  that  the  nearest 
living  allies  to  the  Graptolites  are  the  Sertularians.  In  point 
of  fact,  if  we  do  not  insist  upon  the  presence  of  a  "  solid  axis  " 
as  part  of  the  definition,  the  Graptolites  differ  from  the  Ser- 
tularians in  no  essential  point,  save  that  the  hydrosoma  is 
always  attached  in  the  latter,  and  was  certainly  free  in  the 
most  typical  examples  of  the  former.  Indeed,  certain  forms 
at  present  placed  among  the  Graptolites — such  as  Ptilograpsus 
and  Dendrograpstis — are  so  similar  to  some  living  Sertularians, 
that  \t  might  be  well  to  remove  them  altogether  from  the 
Graptohttd^  and  to  regard  them  is  evtmU  representatives  of 
the  Strttilart  ia 

As  regards  the  value  of  the  sol  d  axis  '  as  an  clement  in 
defirang  Graptohtes  we  tear  that  mu  h  stress  cannot  be  laid 
upon  Its  presence  or  absence  It  is  true  that  it  is  present 
in  all  the  most  characteristic  members  of  the  sub-class,  but 
It  seems  to  be  certainly  absent  m  some— -?.^.,  in  RetioUtei 
Gctnit  laitus  and  m  -ill  species  of  Rutntes — and  there  do 
not  seem  to  be  sufficient  grounds  for  excluding  these  from 
the  Graptohttda  on  this  account  alone. 

Taking  such  a  simple  Graptolite  as  G.  Sagittarius  (fig.  27,  i) 
as  the  type  of  the  sub-class,  the  hydrosoma  is  found  to  consist 
of  the  "  solid  axis,"  the  "  common  canal,"  and  the  "  cellules." 
The  entire  polypary  is  corneous  and  flexible,  and  the  solid 
axis  is  a  cylindrical  fibrous  rod,  which  gives  support  to  the 
entire  organism,  and  is  oflren  prolonged  beyond  one  or  both 
ends  of  the  hydrosoma.  The  common  canal  is  a  lube  which 
encloses  the  ccenosarc,  and  gives  origin  to  a  series  of  cellules, 
these  being  little  cups  corresponding  to  "  hydrothecEe,"  and 
enclosing  the  polj^ites.  Not  only  arc  the  essential  details  of 
the  structure — with  the  exception  of  the  soHd  axis — strictly 
comparable  with  that  of  a  Sertularian,  but  there  is  a  good 
evidence,  as  shown  by  Hall  and  the  author,  that  the  reproduc- 
tive process  was  also  carried  on  in  a  manner  similar  to  what 
we  have  seen  in  the  other  Hydroida — namely,  by  generative 
buds  or  gonophores. 

No  Grapiolite,  however,  has  hitherto  been  certainly  proved 
to  have  been  fixed   by  a    "  hydrorhiza,"   and   it  is  only  in 
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11  aberrant  forms  that  there  are  any  traces  of  a  "  hydro- 
caulus." 

Besides  the  simple  forms  of 
Graptohtes  with  a  row  of  cellules 
on  one  side  (monoprionidian)  (fig. 
27,  2,)  there  are  others  with  a 
row  of  cellules  on  each  side  {dip- 
rionidian)  (fig.  27,  3).  Many  other 
curious  modifications  are  known ; 
but  there  is  only  another  peculi- 
arity which  is  worthy  of  notice 
here.  This  is  the  occurrence  in 
several  genera  of  a  basal  cor- 
neous disc  or  cup,  which  is  pro- 
bably the  homologue  of  the  "float" 
or  "  pneumatophore  "  of  the  Physo- 
jihoridfe  (For  distribution  of  Grap- 
tohtes see  Distribution  of  Hydro- 
7oa  in  Time.) 

As  regards  their  mode  of  oc- 
currence, Graptolites  are  usually 
found  as  glistening,  pyritous  im- 
pressions, with  a  silvery  lustre.  In 
some  cases,  however,  they  are  found 
[  m  relief 
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CHAPTER    XII. 

DISTRIBUTION  OF  THE  HYDROZOA. 

I.  Distribution  of  Hvdrozoa  in  Space.— ^The  genera  of 
Hydrozoa  have  a  wide  distribution,  the  mode  of  reproduction 
amongst  the  fixed  forms  being  such  as  to  insure  their  extension 
over  considerable  areas.  The  various  species  of  Hydra  are  of 
common  occurrence  in  the  fresh  waters  of  Europe.  Cordylo- 
phora,  the  sole  remaining  fresh-water  genus,  has  not  been 
found  to  occur  out  of  the  north  temperate  zone.  All  the 
other  Hydrozoa,  without  a  known  exception,  are  marine  iri 
their  habits.  The  fixed  forms — viz.,  the  CorynJda,  Sertularida, 
and  Campanularida — are  represented  more  or  less  abundantly 
in  almost  all  seas,  extending  from  the  littoral  zone  to  con- 
siderable depths.     The  oceanic  Hydrozoa,  Calycophorida  and 
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Physophoridm,  are  chiefly  characteristic  of  tropical  seas ;  but 
they  are  found  also  in  the  Mediterranean,  and  even  in  seas  not 
far  from,  or  even  within,  the  Arctic  circle, 

II,  Distribution  of  Hydrozoa  in  Time. — With  the  excep- 
tion of  the  impression  of  a  Medusa  said  to  have  been  observed 
by  Professor  Agassiz  in  the  fine-grained  lithographic  slate  of 
Solenhofen  (Oolite),  tliere  are  no  fossil  remains  which  would 
be  universally  conceded  to  be  of  a  Hydrozoal  nature.  The 
Oldhamia  of  the  Cambrian  rocks  of  Ireland  has,  indeed, 
been  regarded  as  belongmg  to  the  Hydrozoa ,  but  it  is  believed 
by  Mr  Salter  to  be  reallj  a  plant  It  consists  of  a  main 
Item  flith  numerous  secondary  branches,  spnnging  from  the 
axis  in  en  umbellate  manner,  but  e\hibiting  no  traces  of 
hjdrothecfi 

The  occurrence  of  Corynida  in  a  fossil  condition  can  hirdly 
be  said  to  be  free  from  doubt.  Rt-mains  probably  referable  to 
this  order  have  been,  however,  recently  discovered  in  the  Pal- 
jeozoic  Rocks.  The  oldest  of  these  was  described  by  the 
author  some  years  ago  from  the  Lower  Silurian  rocks  of  Dum- 
friesshire under  the  name  of  Corynoides.  More  lately  a  form 
called  Palaocoryne  has  been  described  from  the  Carboniferous 
rocks  of  Scotland. 

The  Sertularida  and  CampanuJarida  are  not  certainly  known 
to  occur  in  a  fossil  condition.  The  fossils  called  Dendrograpsus, 
Callograpsus,  Piilograpsus,  and  Dietyouema,  all  at  present  placed 
amongst  the  GraptoUtes,  are,  however,  not  improbably  truly 
referable  to  the  Sertularida. 

There  can  be  little  doubt  but  that  the  large  and  singular 
family  of  the  Qraptolitida  should  really  be  looked  upon  as 
extinct  Hydrozoa,  though  good  authorities  still  place  them 
amongst  the  Polyzoa. .  As  regards  their  distribution  two  facts 
are  chiefly  noticeable.  In  the  first  pJace,  noGraptohte,  except 
the  doubtful  genus  Dkiyonefna,  has  hitherto  been  found  to  o 
cur  above  the  Silurian  rocks. 
The  Graptolites  may  therefore 
be  regarded  as  characteristic 
fossils  of  the  Silurian  period.  \  J/ 

Secondly,     the    diprionidian  ^Y 

Graptolites,  or  those  with  a        „..„-.  ,      ,.,    , 

r  '  ,       -  .  Fie.  i.i.—DidmiBgTBpsia  V-friKtBs. 

row  of  cellules  on  each  side 

(genera  DiplograpstiS,  Climaeograpsus,  and  Dicranograpsus), 
have  never  yet  been  certainly  shown  to  occur  above  the  hori- 
zon of  the  Lower  Silurian  rocks.  The  common  genus  Didy- 
MOgrapsus  (comprising  the  "twin"  Graptolites,  fig.  28)  is  still 
more  cliaracteristic  of  the  Lower  Silurian  period.     In  Didymo- 
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^rapsus  the  polypary  consists  of  two  lateral  symmetrical 
branches,  with  cellules  on  one  side  only,  springing  from  a 
central  point  or  base,  which  is  usually  marked  by  a  little  spine 
or  "  radicle." 


CHAPTER    Xni. 
ACTINOZOA. 


I.  Generai.  Characteks  of  the  Actinozoa.     2.  Char- 

ACl'ERS  OF  THE  ZoANTHARIA.  3.  ZOANTHARIA  MaLACO- 
DERMATA  4-  ZOANTHARIA  SCLEROBASICA  5.  ZOAN- 
■I'HARIA  SCLERODERMATA. 

Olass  II.  AcTtNOZOA.  —  The  Actinozoa  are  defined  as  C<eI- 
f^ileraia  with  a  differentiated  dtgestwe  sac  opening  below  into  the 
somatic  cavity,  but  strafed  from  the  body-walls  by  an  interven- 
ing "perivisceral  space"  which  is  divided  into  a  series  of  compart- 
ments by  vertical  partitions,  or  "  mesenteries,"  to  the  faces  of  which 
the  reproductive  organs  are  attached. 

The  Adinozoa  (fig.  30),  therefore,  differ  fundamentally  from 
the  Hydrozoa  in  this,  that  whereas  in  the  latter  the  digestive 
cavity  is  identical  with  the  somatic  cavity,  in  the  former  there 
is  a  distinct  digestive  sac,  which  opens,  indeed,  into  tlie 
somatic  cavity,  but  is,  nevertheless,  separated  from  it  by  an 
intervening  perivisceral  space.  As  a  result  of  this,  the  body  of 
a  typical  Actinozoon  (fig.  29),  exhibits  on  transverse  section  two 
concentric  tubes,  one  formed  by  the  digestive  sac,  the  other  by 
the  parietes  of  the  body ;  whereas  the  transverse  section  of  a 
Hydrozcon  exhibits  but  a  single  tube,  formed  by  the  walls  of 
the  combined  digestive  and  somatic  cavity. 

Histologically,  the  tissues  of  the  Actinozoa  are  essentially  the 
same  as  those  of  the  Hydrozoa,  consisting  of  the  two  funda- 
mental layers,  the  "  ectoderm  "  and  the  "  endoderm."  In  the 
Actinozoa,  however,  there  is  a  much  greater  tendency  to  a 
ditferentiation  of  these  into  specialised  structures,  and  in  some 
members  of  the  class  muscular  fibres  are  well  developed.  The 
ectoderm,  especially,  shows  a  tendency  to  break  up  into  two 
layers,  which  are  differentiated  in  opposite  directions  from  an 
intermediate  zone,  and  are  termed  by  Huxley  the  "  ecderon  " 
and  "  enderon,"  corresponding  respectively  to  the  epidermis 
and  derma  of  man.  Cilia  are  often  present,  especially  in  the 
interior  of  the  somatic  cavity,  where  they  serve  to  promote  a. 
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circulation  of  the  digestive  fluids  contained  therein.  The  sole 
digestive  apparatus  in  the  Actimzoa  consists  of  a  tubular 
stomach-sac,  which  communicates  freely  with  the  outer  world 


F«.  ag.— A  Ttarsvtrse  Kcliod  of 
Body;  MMcacnlerisscanDectiiig 

by  means  of  the  moutli,  and  opens  inferiorly  directly  into  the 
general  body-cavity.  In  most,  the  "  perivisceral  space  "  be- 
tween the  body-walls  and  the  digestive  sac  is  subdivided  into 
compartments  by  a  series  of  vertical  lamellffi,  which  are  called 
the    "  mesenteries "  (fig.    30,  I}).      Upon   the   faces   of  these 


aie  borne  the  reproductive  organs  in  the  form  of  band-like 
ovaria  or  spermaria. 

Thread-cells,  often  of  very  complicated  structure,  are  almost 
universally  present,  some  of  the  Ctemphora  having  been  asserted 
to  be  without  them ;  and  some  of  the  Actinozoa  are  able  to 
sting  very  severely. 
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A  nervous  system  has  not  yet  been  proved  to  exist  in  any  of 
the  Actinosoa,  except  in  the  Cten  ph  wa  and  in  none  are  there 
any  traces  of  a  vascular  sjstem 

Distinct  reproductive  organs  occur  m  all  the  Adtno'oa  but 
these  are  internal,  and  are  never  in  the  form  of  external  pro 
cesses  as  in  the  Hydrozoa  bexual  reproduction  occurs  in  all 
the  members  of  the  ckss  but  in  man>  forms  gemmation  or 
fission  constitutes  an  equally  common  mode  of  increase 
Some  Actinoeoa,  therefore,  such  as  the  common  bea  anemones 
are  simple  organisms  whilst  others  such  as  the  reef  building 
corals,  are  composite,  the  act  of  getnmation  or  fis'iion  givinj, 
rise  to  colonies  composed  of  numerous  zooids  united  b>  i 
ccenosarc.  In  these  cases  the  separate  zooids  are  termed 
"  polypes,"  the  term  pol)pite  bemg  restricted  to  the  H'^ 
drozoa.  In  the  simjle  Actino  la  however  the  term  pol)^e 
is  employed  to  designate  the  entire  organism.  In  other  words, 
the  "  actinosoma,"  or  entire  body  of  any  Adimzoon,  may  be 
composed  of  a  single  "  polype,"  or  of  several  such,  produced  by 
a  process  of  continuous  gemmation  or  fission,  and  united  by  a 
common  connecting  structure,  or  ccenosarc. 

Most  of  the  Actinosoa  are  permanently  fixed;  some,  like 
the  Sea-anemones,  possess  a  small  amount  of  locomotive 
power ;  and  one  order,  the  Ctmophora,  is  composed  of  highly 
active,  free-swimming  organisms.  Some  of  the  Actinozoa  are 
unprovided  with  any  hard  structure  or  support,  as  in  the  Sea- 
anemones  and  in  all  the  Ctmophora;  but  a  lat^e  number 
secrete  a  calcareous  or  horny,  or  partially  calcareous  and  par- 
tially homy,  fi^mework  or  skeleton,  which  is  termed  the  "  coral," 
or  "  corallum." 

The  Adittozoa  are  divided  into  four  orders — viz.,  the  Zo- 
dntharia,  the  AkyoTiaria,  the  Rugosa,  and  the  CUnophora  ; 
but  the  last  is  sometimes  placed  amongst  the  Hydrozoa,  and  it 
has  been  recently  proposed  to  remove  the  Rugosa  also  to  the 
same  class. 

Order  I.  Zoantharia. — The  Zoaniharta  or  "  Helianthoid 
Polypes  "  are  defined  by  the  disposition  of  their  soft  parts  in 
multiples  of  five  or  six,  and  by  the  possession  of  simple,  usually 
numerous,  tentacles.  There  may  be  no  corallum,  or  rarely  a 
"  sclerobasic  "  one.  Usually  there  is  a  "  sclerodermic  "  corallum, 
in  which  the  septa  in  each  coralUte,  like  the  mesenteries,  are  ar- 
ranged in  multiples  of  five  or  six. 

The  Zoantharia  are  divided  into  three  sub-orders,  the  Zoan- 
tharia malacodermata,  the  Z  sclerobasica,  and  the  Z.  scleroder- 
mata;  according  as  the  corallum  is  entirely  absent  or  very 
rudimentary,  is  "  sclerobasic,"  or  is  "  sclerodennic," 
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SuB-ORDEE  I,  ZoANTHARiA  Mai^codermata.— -In  thjs  sec- 
tion of  the  Zoantharia  there  is  either  no  corallum  or  a  very  ru- 
dimentary one,  in  the  form  of  a  few  scattered  spicules.  The 
"  actinosoma "  is  usually  composed  of  but  a  single  polype. 
JThe  term  "  actinosoma  "  is  a  very  convenient  one  to  express 
in  the  Aclinozoa inhaX  "hydrosoma"  expresses.in  the  Hydrosoa, 
namely,  the  entire  organism,  whether  simple  or  compound.) 

There  are  three  families  in  this  section,  of  which  the  Adi- 
nida  will  require  a  somewhat  detailed  examination,  since  they 
may  be  taken  as  typical  of  the  entire  class  of  the  Adimzoa. 

Family  I.  Actinid^. — The  members  of  this  family  are 
commonly  known  as  Sea-anemones,  and  are  distinguished  by 
having  no  evident  corallum,  by  being  rarely  compound,  and 
by  having  the  power  of  locomotion. 

The  body  of  a  Sea-anemone  (fig.  31,  a)  is  a  truncated  cone, 
or  a  short  cylinder,  termed  the  "  column,"  and  is  of  a  soft, 
leathery  consistence.     The  two  extremitits  of  the  column  are 


termed  respectively  the  "  base "  and  the  "  disc,"  the  former 
constituting  the  sucker,  wherebythe  animal  attaches  itself  at 
will,  whilst  the  mouth  is  situated  in  the  centre  of  the  latter. 
In  a  few  cases  (Cerianthus  and  Peachia)  the  centre  of  the  base 
is  perforated,  but  the  object  of  this  arrangement  is  unknown. 
Between  the  mouth  and  the  circumference  of  the  disc  is  a  flat 
space,  without  appendages  of  any  kind,  termed  the  "  peristomial 
space."  Round  the  circumference  of  the  disc  are  placed 
numerous  tentacles,  usually  retractile,  arranged  in  aitemating 
rows,  and  amounting  to  as  many  as   zoo  in  number  in  the 
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common  Actinia.  The  tentacles  are  tubular  prolongations  of 
the  ectoderm  and  endoderm,  containing  diverticula  from  the 
somatic  chambers,  and  sometimes  having  apertures  at  theit 
free  extremities.  'I'he  mouth  leads  directly  into  the  stomach, 
which  is  a  wide  membranous  tube,  opening  by  a  large  aper- 
ture into  the  general  body-cavity  below,  and  extending  about 
haJf-way  between  the  mouth  and  the  base.  The  wide  space 
between  the  stomach  and  column-wall  is  subdivided  into 
a  number  of  compartments  by  radiating  vertical  lamella;, 
termed  the  "primary  mesenteries,"  arising  on  the  one  hand 
from  the  inner  surface  of  the  body-wall,  and  attached  on  the 
other  to  the  external  surface  of  the  stomach.  As  the  stomach 
is  considerably  shorter  that  the  column,  it  follows  that  the 
inner  edges  of  the  primary  mesenteries  below  the  stomach  are 
free ;  and  these  free  edges,  curving  at  first  outwards  and  then 
downward  and  inwards,  are  ultimately  attached  to  the  centre 
of  the  base.  Besides  the  primary  mesenteries,  there  are  other 
lamellae  which  also  arise  from  the  body-wall,  but  which  do 
not  reach  so  far  as  the  outer  surface  of  the  stomach,  and  are 
called  "secondary"  and  "tertiary"  mesenteries,  according  to 
their  breadth.  The  reproductive  organs  are  in  the  form  of 
reddish  bands,  which  contain  ova  and  spermatozoa,  and  are 
situated  on  the  faces  of  the  mesenteries.  Most  of  the  AcUnia 
are  dicecious — that  is  to  say,  the  same  individual  does  not 
develop  both  ova  and  spermatozoa.  Along  the  free  margins 
of  tlie  mesenteries  there  also  occur  certain  singular  convoluted 
cords,  charged  with  thread-cells,  and  termed  "  craspeda,"  the 
function  of  which  is-not  yet  understood.-  It  is  believed,  how- 
ever, that  the  apertures,  termed  "  cinciides,"  in  the  column- 
walls  of  some  of  the  Adinida,  are  for  the  emission  of  the 
craspeda.  No  traces  of  a  nervous  system  have  as  yet  been 
proved  to  exist  in  any  Actinia. 

The  embryo  of  the  Actinia  is  a  free-swimming  ciliated 
body,  at  first  rounded,  but  afterwards  somewhat  ovate.  The 
rudimentary  mouth  is  soon  marked  out  by  a  depression  at  the 
larger  extremity;  thread-cells  appear  as  a  layer  in  the  ecto- 
derm ;  a  fold  is  prolonged  inwards  from  the  mouth  to  form 
the  digestive  sac ;  and  the  primitive  tentacles  are  at  first  either 
five  or  six  in  number,  but  usimlly  double  themselves  rapidly. 

Family  II.  Ilvanthid^. — In  this  family  there  -s  no  corallum, 
and  the  polypes  are  single  and  free,  with  a  rounded  or  tapering 
base  (fig.  31,  b).  Ilyanthus  is  in  all  essential  respects  identi- 
cal with  the  ordinary  Actinia,  but  it  is  of  a  pointed  or  conical 
shape,  the  base  being  much  attenuated,  though  whether  its 
habit  of  life  is  free  or  not,  is  a  matter  of  some  uncertainty. 
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Arachnactis  is  certainly  free,  and,  according  to  Professoi  E. 
Forbes,  it  can  not  only  swim  like  a  jelly-fish,  but  "  it  can  con- 
vert its  posterior  extremity  into  a  suctorial  disc,  and  fix  itself  to 
bodies  in  the  manner  of  an  Adinia."  It  is  by  no  means  cer- 
tain, however,  that  Arachnactis  is  a  mature  form,  and  there  is 
some  reason  to  suppose  that  it  is  merely  the  young  stage  of 
some  at  present  unknown  Actifwzoon. 

Famllv  III.  ZoanthiDjE. — In  the  ZoanfAzt^ce  theie  is  a  spi- 
cular  corallum,  and  the  polypes  are  attached  by  a  fleshy  or 
coriaceous  base  or  ccenosarc.  In  Zoanthus  the  separate  polypes 
closely  resemble  small  Acthna,  but  they  are  united  together 
at  their  bases  by  a  thin  fleshy  ccenosarc 

SuB-ouDER  II,  ZoANTHARiA  ScLEROBASiCA, — The  members 
of  this  sub-order  are  always  composite,  and  always  possess  a 
corallum,  but  this  is  "  sclerobasic,"  and  there  are  no  spicular 


It  appears  advisable  to  explain  here  what  is  understood  by 
the  terms  "scierobasic"  and  "sclerodermic,"  as  applied  to 
corals.  The  "corallum"  is  the  term  which  is  applied  to  the 
hard  structures  deposited  by  the  tissues  of  any  Adinozoen, 
many  of  which  are  so  familiarly  known  as  "corals."  Usually 
the  corallum  is  composed  of  carbonate  of  lime ;  but  it  may  be 
corneous,  or  partly  corneous  and  partly  calcareous.  Whatever 
their  composition  may  be,  all  coralla  may  be  divided  into  two 
sections,  termed  respectively  "sclerobasic"  and  "sclerodermic," 
which  must  be  carefully  distinguished  from  one  another.  The 
"sclerobasic"  corallum,  of  which  the  red  coral  of  commerce 
may  be  taken  as  the  type,  is  in  reality  an  exoskeleton,  some- 
what analogous  to  the  shell  of  a  Crustacean,  being  a  true 
tegumentary  secretion.  At  the  same  time  it  is  not  a  shell  or 
external  envelope,  but  it  forms  an  axis  upon  which  the  entire 
actinosoma  is  spread.  The  actmosoma,  in  fact,  is  inverted, 
and  the  "  sclerobasis  "  is  se(,reted  by  the  outer  surface  of  the 
ectoderm.  The  sclerobasic  corallum  is  therefore  truly  "  out- 
side the  bases  of  the  polypes  and  their  connecting  coinosarc, 
which,  at  the  same  time,  receive  support  from  the  hard  axis 
which  they  serve  to  conceal  —{Greene  )  Upon  this  view  the 
sclerobasis  is  termed  "  foot-secretion  by  Mr  Dana.  In  other 
words,  the  sclerobasic  coral  is  a  hard  skeleton  which  belongs 
solely  to  the  ccenosarc  of  the  actinosoma,  and  which  can  there- 
fore be  produced  by  a  compound  organism  only. 

The  "  sclerodermic  "  corallum,  on  the  other  hand,  is  secreted 
within  the  bodies  of  the  polypes,  apparently  by  the  inner  layer 
of  the  ectoderm — the  "  enderon"  of  Huxley — and  it  is  there- 
fore termed  "  tissue-secretion  "  by  Mr  Dana.     In  the  sclero- 
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dermic  corallum  each  polype  has  a  complete  skeleton  of  its 
own,  and  the  entire  coral  may  consist  of  one  ^uth  skeleton,  or 
of  several  such  united  by  the  calcareous  matter  of  the  ■ 


Ffe.  31.— Morphology  of  Corals     a.Cup  of  Aamultna  a«naa!   showing  eaJicular 
Bemmition,  enlari-ed ;  ^Diagram  of  Kugo&c  Coral  {P^I^ixht  fivfiiil^   showing 

Ihs  seilupleTrranEeincnt  of  the  scpla ;  rf Vertical  SCCIion  of  CamjK>fhyUi,m  flixio- 
satn,  showing  tabuhc 

A  sclerodermic  corallum,  therefore,  like  tne  animal  which  pro- 
duces it,  may  be  simple  or  composite,  according  as  it  is  pro- 
duced by  a  single  polype  or  by  several  united  by  a  ccenosarc. 
It  consists,  therefore,  of  a  single  calcareous  cup,  or  "  corallite;" 
or  of  several  such  united  by  a  common  calcareous  bond  or  basis, 
the  "ccenenchyma.''  Taking  a  single  "corallite"  (fig.  32,  d) 
as  the  type,  we  find  that  it  shows  its  origin  and  nature  plainly 
in  its  form.  It  consists  of  a  cylindrical  or  conical  tube  of  car- 
bonate of  lime,  the  outer  wall  of  which  is  called  the  "  theca." 
The  upper  part  of  the  space  included  by  the  "theca"  is  vacant, 
and  it  is  termed  the  cup  or  "calice;"  but  the  lower  part  is  sub- 
divided into  a  series  of  chambers,  or  "loculi,"  by  a  series  of 
radiating,  vertical,  calcareous  plates,  which  are  called  the 
"septa"  (fig.  3?,  b).  The  septa  extend  from  the  inner  surface 
of  the  theca  towards  its  centre,  where  they  usually  unite  to 
form  an  axial  column,  called  the  "columella."  Many  of  the 
septa,  however,  do  not  reach  the  centre,  but  stop  short  at 
some  distance  from  the  columella,  often  being  broken  up  into 
upright  pillars,  called  "palL"  The  parts  thus  described  as 
essentially  composing  a  corallite  in  a  typical  sclerodermic 
corallum  are  related  in  the  most  obvious  manner  to  the  soft 
structures  of  the  animal  by  which  they  are  secreted.  Thus, 
the  "theca"  clearly  corresponds  to  the  "column-wall,"  or  the 
general  wall  of  the  body;  the  "columella,"  when  present,  cor- 
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responds  to  "  that  part  of  the  enderon  which  forms  the  floor  of 
the  somatic  cavity  below  the  digestive  sac;"  whilst  the  "septa" 
correspond  to  the  "  mesenteries, "  and,  like  them,  are  called 
"  primary  "  and  "  secondary,"  according  as  they  reach  the  colu- 
mella or  fali  short  of  it.  When  there  are  several  corallites,  the 
bond  of  union  between  them,  the  "ccenenchyma,"  is  secreted  by 
the  "  ccenosarc,"  to  which  it  corresponds.  In  many  Adinosoa, 
however,  the  sclerodermic  corallum  is  not  present  in  the  typical 
form  above  described,  but  simply  in  the  form  of  calcareous 
spicules  or  nodules  scattered  through  the  tissues  of  the  animal. 
There  are,  also,  members  of  the  class  in  which  both  a  scleroder- 
mic and  a  sclerobasic  corallum  are  present,  the  iatter  constituting 
the  main  skeleton,  whilst  the  fonner  is  represented  by  scattered 
spicules.  The  coral  tissue  itself  is  known  as  "  sclerenchyma," 
and  it  varies  considerably  in  texture,  being  sometimes  extreme- 
ly compact,  and  at  other  times  very  loosely  put  together. 

From  what  has  been  said  it  will  be  seen  that  a  sclerobasic 
corallum  can  easily  be  distinguished  from  a  sclerodermic  by 
Inspection;  the  former  (fig.  33,  i*)  being  usually  more  or  less 


smooth,  and  being  invariably  devoid  of  the  cups  or  receptacles 
for  the  separate  polypes,  which  are  always  present  in  the  latter 
(iig.  33,  a).  The  more  important  variations  of  detail  which 
occur  in  both  classes  of  corals  will  be  noticed  under  the  difiier- 
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ent  families  in  which  they  occur.  It  only  remains  to  add  that 
doubt  has  been  thrown  by  eminent  zoologists  upon  the  valid- 
ity of  the  general  distinction  between  sclerobasic  and  sclero- 
dermic corals,  as  above  defined 

Returning  now  to  the  Zoantlmria  Sderobaska,  we  find  the 
sub-order  to  contain  the  two  families  of  the  Antipathida  and 
the  Hyalonemada  (or  Hyalochatidai).  Of  these  the  AnHpaihida 
are  chiefly  noticeable  because  of  their  likeness  to  some  of  the 
Gorgonida,  from  which,  however,  they  are  readily  distinguished 
by  tiie  fact  that  the  number  of  their  tentacles  is  a  multiple  of 
six,  whereas  in  the  latter  it  is  a  multiple  of  four.  Antipathes 
itself  possesses  a  horny  sclerobasic  corallum,  which  may  be 
simple  or  branched,  and  is  covered  with  numerous  small 
polypes,  united  together  by  a  ccenosarc,  and  ] 
tentacles  each. 

The  second  family,  that  of  the  Hyaloiumadte,  c 
so-called  "Glass-zoophytes,"  the  true  nature  and  position  of 
which  has  been  a  subject  of  much  controversy.  By  Dr  Gray 
the  Hyalonemada  are  believed  to  be  true  Aclinoiioa,  and  he 
defines  them  as  follows : — "  Social  Zoanthoid  polypes  secreting 
a  central,  siliceous,  internal,  axial  coii  for  their  support.  The 
upper  half  of  the  coil  covered  by  a  uniform  cylindrical  bark, 
regularly  studded  with  retractile  polypes."  The  lower  portion 
of  the  siliceous  rope-like  axis,  which  looks  exactly  like  a  skein 
of  threads  of  glass,  is  sunk  in  the  sand  at  the  bottom  of  the 
sea.  The  upper  portion  of  the  Ilyalonema  is  often  occupied 
by  a  cup  -  shaped  sponge,  called  Carleria,  which  Dr  Gray 
believes  to  be  a  parasitic  growth.  By  Professors  Loven, 
Perceval  Wright,  Wyville  Thomson,  and  others,  the  sponge 
Carleria  is  looked  upon  as  the  true  artificer  of  the  siliceous  rope, 
and  the  polypes  are  regarded  as  parasitic,  and  as  referable  to 
Palythoa.  This  last  view,  by  which  Hyalonema  would  be 
placed  amongst  the  siliceous  sponges,  appears,  upon  the  whole, 
to  be  most  probably  the  correct  one.  In  this  case  there  is  no 
Actimzoon,  as  far  as  is  yet  known,  which  possesses  the  power 
of  secreting  a  siliceous  skeleton,  in  this  respect  presenting  a 
striking  contrast  to  the  Pralozoa. 

Sub-order  III.  Zoantharia  Sclerodermata.- — The  mem- 
bers of  this  sub-order  include  the  great  bulk  of  the  coral-pro- 
ducing or  "coralligenoits"  zoophytes  of  recent  seas  They 
are  defined  by  the  possession  of  a  sclerodermic  corallum,  the 
parts  of  which  are  arranged  in  multiples  of  five  or  si\  The 
actinosoma  may  be  simple,  consisting  of  a  single  polype,  or  it 
maybe  composite,  consisting  of  several  poijpes  united  by  a 
ccenosarc. 
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The  divisions  of  the  sub-order  are  founded  upon  the  nature 
of  the  corallum,  for  the  due  comprehension  of  which  it  will 
be  necessary  to  consider  some  points  in  connection  with  these 
structures  somewhat  more  minutely.  As  already  described,  a 
typical  corallite  consists  of  an  outer  wall  or  "  theca,"  with  a 
cap  or  "calice"  above,  and  divided  below  into  numerous 
climbers  or  "  loculi "  by  vertical  partitions  or  "  septa."  Often 
the  larger  or  "primary"  septa  coalesce  centrally  to  form  a 
median  calcareous  rod  or  "  columella."  The  chief  additional 
structures  to  be  remarked  are  what  are  known  as  "  tabulre," 
and  '.'  dissepiments."  The  "  tabulas  "  (fig.  32,  t/)  are  transverse 
plates  or  floors  running  at  right  angles  to  the  axis  of  the  coral- 
lite,  and  dividing  the  theca  into  so  many  horizontal  compart- 
tnents  or  stories,  each  of  which  is  verticsdly  subdivided  by  the 
septa,  when  these  exist  As  a  rule,  however,  the  septa  are 
absent  when  there  are  tabulje,  though  the  two  structures  co- 
exist in  many  extinct  corals.  The  "  dissepiments  "  are  incom- 
plete transverse  plates,  which,  "  growing  from  the  sides  of  the 
septa,  interfere,  to  a  greater  or  less  extent,  with  the  perfect 
continuity  of  the  loculi."— (Greene.)  ■  The  septa,  too,  are  often 
furnished  with  styliform  or  spine-like  processes  growing  from 
their  sides,  which  often  meet  so  as  to  form  "  transverse  props 
extending  across  the  loculi  like  the  bars  of  a  grate,  and  termed 
'  synapticulfe.'" 

The  Zoantharia  SclerodermiUa  are  divided  into  the  four 
following  groups,  founded  upon  the  characters  of  the  co- 
rallum ;— 

1,  Tabulata. — Septa  rudimentary,  or  entirely  absent ;  tab- 
ulae well  developed,  and  dividing  the  visceral  chamber  into  a 
series  of  stories. 

2.  Perforata.  —  Septa  well  developed ;  dissepiments  rudi- 
mentary; no  tabulie.     Corallum  composed  of  porous  scleren- 

3,  Aporosa. — -Septa  well  developed,  lamellar;  no  tabula 
Corallum  composed  of  compact,  imperforate  sc!erench)Tna. 

4.  Tkibulosa. — Septa  indicated  by  mere  strife;  thec;e  pyri- 
form,  occasionally  united  by  a  basal  ccenenchyma. 

Gemmation  and  Fission  amongst  Corals.  —  As  regards 
the  modes  in  which  the  composite  corals  are  produced,  the 
following  is  a  summary  of  Professor  Greene's  remarks  upon 
this  subject.  (See  Ccelenterata,  p.  185  el  seq.)  The  produc- 
tion of  the  composite  Adinozoa  is  effected  either  by  gemma- 
tion or  by  fission.  In  the  former  method  three  varieties  have 
been  -distinguished,  termed  respectively  "  basal,"  "  parietal," 
and  "  calicular"  gemmation. 
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course,  those  nearest  to  the  periphery  of  the  mass. 

The  parietal  mode  of  gemmation  is  the  commonest,  and  it 
gives  rise  chiefly  to  dendroid,  or  tree-like,  corals.  In  this 
method  the  buds  are  produced  from  the  sides  of  the  original 
polype,  and  they  often  repeat  the  process  indefinitely. 

Caticular  gemmation  is  not  known  to  occur  in  any  recent 
coral,  but  it  was  a  common  mode  of  increase  amongst  extinct 
forms.  In  this  method  "  the  primitive  polype  sends  up  from 
its  oral  disc  two  or  more  similar  buds ;  these,  in  their  turn, 
produce  other  young  polj^es,  and  thus  the  process  is  repeated 
until  an  inverted  pyramidal  mass  of  considerable  size  is  pro- 
duced^all  the  parts  of  which  rest  upon  the  narrow  base  of  the 
first  budding  polype  (fig,  33,  a).  Fission  in  the  A^finozoa  differs 
from  gemmation  chiefly  in  the  fact,  that  the  polypes  produced 
fissiparously  resemble  one  another  in  organisation,  and  often 
in  size,  as  soon  as  they  become  distinct.  In  gemmation,  on 
the  other  hand,  the  polype-bud  consists  primarily  of  a  mere 
process  of  ectodenn  and  endoderm,  enclosing  a  csecal  process 
of  the  somatic  cavity,  and  a  mouth  and  other  structures  are  at 
first  wanting.  Amongst  the  coralligenous  Actinosoa  fission  is 
usually  effected  by  "oral  cleavage,"  the  divisional  groove  com- 
mencing at  the  oral  disc,  and  deepening  to  a  certain  extent, 
the  proximal  extremity  always  remaining  undivided.  More 
rarely,  fission  "  is  effected  by  the  separation  of  small  portions 
from  the  attached  base  of  the  primitive  organism,  whose  form 
and  structure  they  subsequently,  by  gradual  development,  tend 
to  assume." 

"The  coral-structures  which  result  from  a  repetition  of  the 
fissiparous  process  are  of  two  principal  kinds,  according  as 
they  tend  most  to  increase  in  a  vertical  or  in  a  horizontal 
direction.  In  the  first  of  these  cases  the  corallum  is  cxsfttose, 
or  tufted,  convex  on  its  distal  aspect,  and  resolvable  into  a 
succession  of  short  diverging  pairs  of  branches,  each  restilting 
from  the  division  of  a  single  corallite."  In  the  second  cnse 
the  coral  becomes  lamellar.  "  Here  the  secondary  corallites 
are  united  throughout  their  whole  height,  and  disposed  in  a 
linear  series,  the  entire  mass  presenting  one  continuous  theca." 
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Both  these  forms  of  corallum  "  are  liable  to  become  massive  by 
the  union  of  several  rows  or  tufts  of  corallitcs  throughout  the 
whole  or  a  portion  of  their  height.  An  illustration  of  this  is 
afforded  by  the  large  gyrate  corallum  of  Meandrina,  over  the 
surface  of  whose  spheroidal  mass  the  calicine  region  of  the 
combined  corailJtes  winds  in  so  complex  a  manner  as  at  once, 
to  suggest  that  resemblance  to  the  convolutions  of  the  brain 
which  its  popular  name  of  Brain-stone  Coral  has  been  devised 
to  indicate," 


CHAPTER   XIV. 

ALCYONARIA. 

Order  II.  Alcyonaria.— The  second  great  division  of  living 
A/:tinozoa  is  that  of  ihe  Alcyonaria,  defined  by  the  possession 
oi polypes  witk  eight  pinnately-fringed  tentacles,  the  mesenteries 
and  somatic  chambers  being  also  some  multiple  of  four.  -The  eo- 
raltuM,  when  present,  is  usually  sclerobasic,  or  spicular ;  if"theca" 
are  present,  as  is  rarely  the  case,  there  are  no  septa. 

The  Alcyonaria  or  "  Asteroid  Polypes "  differ  numerically 
from  the  Zoantharia  in  having  their  soft  parts  arranged  in 
multiples  oifeur,  instead  oifve  or  six,  as  in  the  latter.  Their 
tentacles,  too,  are  pinnate,  and  are  not  simply  rounded. 
Numerically  the  Alcyonaria  agree  with  the  extinct  order 
Higosa  but  the  htter  mv-inably  possess  a  well  de\eloped 
sclerodennic  cor^llum  the  the(_Ee  of  which  exhibit  either  septa 
or  tabul'B  or  both  combined 

W  th  the  exception  of  the  single  genus  Haimeti  the  Al-yon 
iria  ire  all  compos  te  the  r  polypes  be  ng  cannected  together 
b)  1  common  ccenosarc  through  which  permeate  p roTonga 
tions  of  tl  e  somat  c  civity  of  each  forming  a  sort  of  canal 
system  whose  several  parts  freely  communicate  and  permit 
of  1.  free  circulation  of  nutnent  flu  ds  As  a  rule  the  entire 
colony  forms  a  lobite  or  brinched  mass  Anatomically  the 
polypes  of  the  Alcyon  ina  do  not  d  ffer  in  iny  essentiil  par 
ticular  from  those  of  the  Zianlkatia  the  numencal  distmc 
tion  being  the  one  by  which  they  are  chiefly  separated  from 
one  another  Ihe  4lc\onirif  are  dvded  nto  four  families 
VIZ  the  Alcyon  dt  the  TibpOfida  the  Pennatulilce  and  the 
GoTffimdx 

Family  I  Alcvonide- — -This  family  is  charactensed  by  he 
possession  of  a  fixed  actinosoma,  which  ts  provided  with  a 
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scle  od  o  a     n  he  form  of  ca  ta  eous    p      f    em 

bedded    n    he        u         The    p    u  es  a  e  mo     y  f ii    o  m    n 
sha  e    and  a  e  g  ne      y  p  e    n    bo  h    n    he  po  ■pe     hen 
selves  and  n  he    onne       g    ceno  a        b       he  e      n 
solid  axis. 

AUytmium  may  be  taken  as  the  type  of  the  family,  and  it 
is  well  known  to  fishermen  under  the  name  of  "  Dead-men's 
fingers."  It  forms  spongy-looking,  orange-coloured  crusts  or 
lobate  masses,  which  are  attached  to  submarine  objects,  and 
are  covered  with  little  stellate  apertures,  through  which  the 
delicate  polypes  can  be  protruded  and  retracted  at  will  The 
polypes  communicate  with  one  another  by  an  anastomosing 
system  of  aquiferous  tubes,  and  the  corallum  is  in  the  form  of 
cruciform,  calcareous  spicula  scattered  through  its  substance. 
In  the  allied  Sarcodidyon  the  actinosoma  is  creeping  and  linear. 

Family  II.  Tubiporid^. — In  the  Thibiporidx,  or  "oi^an- 
pipe  corals,"  of  which  T.  mudca  is  a  familiar  example,  there  is 
a  well-developed  sclerodermic  corallum,  with  thecse,  but  with- 
out septa.  The  corallum  is  composed  of  a  number  of  bright- 
red,  tubular,  cylindrical  thecas,  which  are  united  together 
externally  by  horizontal  plates  or  floors,  which  are  termed 
"  epithecte,"  and  represent  external  tabulse.  The  polypes  are 
usually  bright  green  in  colour,  and  possess  eight  tentacles 
each. 

Family  III,  Pennatulid*;.— The  Pennaiulidm,  or  "Sea- 
pens,"  are  defined  by  their  free  habit,  and  by  the  possession 
of  a  sclerobasic,  rod-like  corallum,  sometimes  associated  with 
sclerodermic  spicules. 

Pennaiula  (fig.  34),  or  the  "  Cock's-comb,"  consists  of  a  free 
coenosarc,  the  upper  end  of  which  is  fringed  on  both  sides 
with  feather-like  lateral  pinna,  which  bear  the  polypes ;  whilst 
its  proximal  end  is  smooth  and  fleshy,  and  is  probably  sunk  in 
the  mud  of  the  sea-bottom.  This  latter  portion  of  the  cceno- 
sarc  is  likewise  strengthened  by  a  long,  slender,  styliform 
sclerobasis,  resembling  a  rod  in  shape,  whilst  spicuia  occur 
also  in  the  tentacles  and  ectoderm.  The  general  colour  of 
Pennatula  is  a  deep  reddish  purple,  the  proximal  extremity  of 
the  cojnosarc  bemg  orange-yellow.  Our  British  species  (Pen- 
natula  phosphorea)  varies  from  two  to  four  inches  in  length, 
and  is  found  on  muddy  bottoms  in  tolerably  deep  water.  Its 
specific  name  is  derived  from  the  fact  that  it  phosphoresces 
brilliantly  when  irritated. 

In  Virgularia  (fig.  35),  which,  like  Pennatula,  occurs  not 
uncommonly  in  British  seas,  the  actinosoma  is  much  longer 
and  more  slender  than  in  the  preceding,  and  the  polyjie-bear- 
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ii^  fringes  are  short.  The  polypes  have  eight  tentacles.  Tbt 
sclerobasis  is  in  the  form  of  a  long  calcareous  rod,  like  a  knit- 
ting-needle and  part  ot  it  is  usually  naked.  No  spicula  are 
found  in  thi,  ti^suts  of  I  ir^iana.  In  the  nearly-allied  I'avo- 
fuiria  tht  piil>pe  raa^s  is  quadr^n,TuIar  in  shape. 


(after  Joh 


n  fhas^hsttn 


Family  IV.  Gorgonid-e.  —  In  the  Gorgonida,  or  "Sea- 
shrubs,"  there  is  an  arborescent  ccenosarc  permanently  rooted 
and  provided  with  a  grooved,  or  sulcate,  branched  sclerobasis, 
which  is  sometimes  associated  with  true  tissue -secretions, 
tenned  "  demno-sclerites." 

The  sclerobasis  of  the  Gorgonidce  varies  a  good  deal  in  its 
composition.  In  some  it  is  corneous,  and  these  have  often 
been  confounded  with  the  Antipathidce,  amongst  the  Zoantharia. 
The  distinction,  however,  between  them  is  easy,  when  it  is 
remembered  that  the  polypes  in  the  Gorgomda  have  tentacles 
in  multiples  cX/our,  whilst  in  the  Aniipaihida  they  are  in  sixes. 
The  sclerobasis,  too,  in  the  former  is  always  marked  by  grooves, 
whereas  in  the  latter  it  is  always  either  smooth  or  spinulous. 
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In  /sis  (fig.  33,  i)  and  Mopsea  the  sclerobasis  consists  of  alter- 
nate calcareous  and  horny  segments,  branches  being  developed 
in  the  former  from  the  calcareous,  and  in  the  latter  from  the 
homy  segments. 

In  Corallium  rubrum,  the  "  red  coral "  of  commerce,  the 
sclerobasis  is  unarticulate,  or  unjointed,  and  is  entirely  cal- 
careous. It  is  the  most  familiar  member  of  the  family,  and  is 
largely  imported  for  ornamental  purposes.  Red  coral  consists 
of  a  branched  densely  calcareous  sclerobasis,  which  is  finely 
grooved  upon  its  surface,  and  is  of  a  bright-red  colour.  The 
corallura  is  invested  by  a  ccenosarc,  also  of  a  red  colour, 
which  is  studded  by  the  apertures  for  the  polypes,  which  are 
white,  and  possess  eight  pinnately  -  fi^inged  tentacles.  The 
entire  ccenosarc  is  channelled  out  by  a  number  of  anastomos- 
ing canals,  which  communicate  with  the  somatic  cavities  of  the 
polypes,  and  are  said  to  be  in  direct  communication  with  the 
external  medium  by  means  of  numerous  perforations  in  their 
walls.  The  entire  canal  system  is  filled  with  a  nutrient  fluid, 
containing  corpuscles,  and  known  as  the  "milk." 


CHAPTER    XV. 

RUGOSA. 

Order  III.  Rugosa. — The  members  of  this  order  are  entirely 
extinct,  and,  with  the  exception  of  Holocystis  ekgans  from  the 
Lower  Cretaceous  rocks,  and  a  few  more  modern  forms,  are 
not  known  to  occur  in  deposits  younger  than  the  PalEeozoic 
epoch.  With  the  soft  parts  of  the  Rugosa  we  are,  of  course, 
entirely  unacquainted,  and  the  definition  of  the  order  must 
therefore  be  founded  upon  the  characters  of  the  coralluni. 
The  corallum  in  the  Rugosa  is  highly  developed,  sclerodermic, 
with  true  thec^e,  and  often  presenting  both  septa  and  tabul.-e 
combined.  The  septa  axe  in  multiples  oi  four  (fig.  32,  b), 
unlike  the  recent  sclerodennic  coralla,  in  which  they  are  in 
multiples  oi  five  or  six.  There  is,  further,  no  true  ccenen- 
chyma.  Some  of  the  Rugosa  are  simple ;  but  others  are  com- 
posite,  increasing  either  by  parietal  or  by  caliculax  gemmation. 
Recently  it  has  been  shown  that  some  very  abnormal  Rugose 
corals  were  proviiled  with  a  lid  or  operculum,  closing  the 
mouth  of  the  calice.  In  the  genus  Calceola,  formerly  referred 
to  the  Brachiopoda,  and  very  abundant  in  certain  parts  of  the 
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Devonian  Systereij  the  operculum  consisted  of  a  single  valve  or 
piece.  In  Goniophyllum  four  valves  were  present,  and  in 
Cysiiphyllum  prismaticum  there  were  four  or  more  valves  in 
the  operculum.  It  is  worthy  of  notice  that  some  recent  corals 
(species  of  Primnoa,  Paramuricea,  and  others)  exhibit  also  a 
more  or  less  complete  operculum.  According  to  Professor 
Agassiz,  the  Rugosa  and  the  Tabulate  division  of  the  Zcafit/iaria 
ought  not  to  be  considered  as  belonging  to  the  Actinozoa, 
but  should  be  placed  amongst  the  Hydrosoa.  This  radical 
change,  however,  cannot  be  accepted  without  the  production 
of  very  conclusive  evidence  in  its  favour.  A  strong  argu- 
ment against  referring  the  Rugose  and  Tabulate  Corals,  as 
proposed  by  Agassiz,  to  the  Hydrozoa,  is  their  possession  in 
most  cases  of  well-developed  septa,  implying,  of  course,  the 
existence  in  the  living  animal  of  mesentaks,  structures  which 
are  wholly  wanting  in  the  Hydrozoa. 

Distinctions  between  the  Coralla  of  the  Orders  of 
AcTiNOZO A.— Having  now  considered  all  the  orders  of  the 
Actinozoa  in  which  coralla  are  developed,  it  may  be  as  well 
briefly  to  review  their  more  striking  differences. 

In  the  first  place,  a  sclerobasic  corallum  may  be  distin- 
guished by  inspection  from  a  sclerodermic  corallum  by  the  fact 
that  the  latter,  unless  composed  simply  of  spicules,  presents 
the  cups  or  "  thecfe,"  in  which  the  polypes  were  contained ; 
the  surface  of  the  former  being  invariably  destitute  of  these 
receptacles. 

A  sclerobasic  corallum  is  found  in  the  families  Antipathlda 
s.wAHyaionemada{?)3.Taon^\.  \h&  Zoantharia,  and  in  the  families 
Pennatulida  and  Gorgonidm  amongst  the  Alcyonaria;  the  fol- 
lowing being  the  differences  between  them ; — 

1.  Atitipathid<£. — Sclerobasis  spjnulous  or  smooth;  tentacles 
and  soft  parts  in  multiples  of  six. 

%.  HyalonsmadiB  {?).  —  Sclerobasis  siliceous,  composed  of 
numerous  threads ;  tentacles  in  multiples  of  five. 

3.  Pennaiu/ida.-^clerohsLSis  sulcate,  free ;  soft  parts  in  mul- 
tiples of  four. 

4.  Gorganidie.  — Sclerobasis  sulcate,  attached  proximally; 
soft  parts  in  multiples  of  four. 

Sclerodermic  coralla  fall  under  two  heads,  according  as  they 
are  simply  composed  of  scattered  spicules,  or  are  provided  with 
true  iiec/e. 

I.  Spicular  coralla  occur  in  the  Zoaniharia  Malofodermaia 
(occasionally),  and  in  the  Alcyonida;  and  no  differences  can 
be  stated  between  the  coralla  themselves.  The  animals,  how- 
ever, difier  entirely,  the  soft  parts  of  the  former  being  in  mul- 
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tiples  of  five  or  six,  those  of  the  latter  being  in  multiples  oF 

11.  A  ^^ira/ sclerodermic  corallum  occurs  in  three  distinct 
sections  of  Adinozoa : — i.  In  the  Zoantharia  Sckrodermata. 
2.  In  Jie  Tuiiporid^,  amongst  the  Alcyonaria;  and,  3.  In 
the  Rugosa;  and  the  following  are  the  distinctions  between 
them ; — 

r.  Zoantharia  Sderodermata. — Septa  in  multiples  of  five  or 
six,  sometimes  absent ;  tabulae  often  present. 

2.  ThiUporida. — Septa  absent ;  thecte  united  externally  by 
distinct,  horizontal  "  epithec^e," 

3.  Rugosa. — Septa  in  multiples  of  four  j  tabulse  usually  pre- 
sent 


CHAPTER   XVI. 

CTENOPHORA. 

Order  IV.  Ctenophora. — The  Ctenophora  compnse  '  trans 
parent,  oceanic,  gelatinous  Actinozoa,  SJiimmmg  l>)  nums  if 
'  ctenopAores,'  or  parallel  rows  of  cilia  disposed  tn  comb  Itfce 
plates.     No  coiallum  " — (Greene  ) 

The  members  of  th  s  order  are  all  free  s  v  nammg  organisms 
and  they  ar^  placed  by  t  any  amongst  tie  Hjdrozoa  from 
which,  however  they  appear  to  be  dearly  sep'trated  b)  the 
possession  of  a  d  tterent  ated  I  gest  ve  sac  as  well  as  by  their 
analogies  with  Ihs  A  t  0  01  nd  th  r  t,enerally  superior 
degree  of  organ  sat  on 

Pleurobra  f  a  (Cyil'pe)  (fig  36)  may  be  taken  as  the  type 
of  the  order  the  struc  re  of  all  be  ng  s  m  lar  to  this  in  essen- 
tial points.  Pleurobra  I  a  possesses  a  transparent,  colourless, 
gelatinous,  melon  shaped  bodj  or  act  nosoma,"  in  which  the 
two  poles  of  the  sphere  are  termed  respectively  the  "  oral "  and 
"apical,"  and  the  rest  of  the  body  constitutes  the  "  interpolar 
region."  At  the  oral  pole  is  the  transverse  mouth,  bounded 
by  lateral,  slightly  protuberant  margins.  "  Eight  meridional 
bands,  or  '  ctenophores '  bearing  the  comb -like  fi'inges,  or 
characteristic  organs  of  locomotion,  traverse  at  definite  in- 
tervals the  interpolar  region,  which  they  divide  into  an  equal 
number  of  lune-like  lobes,  termed  the  "  actinomeres " ;  but 
this  division  of  the  body  does  not  extend  into  the  immediate 
vicinity  of  the  poles,  before  reaching  which  the  ctenophores 
gradually  diminish  in  diameter,  cadi  terminating  in  a  point." — 
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(Greene.)  The  normal  number  of  the  ctenophores  appears  to 
be  eight,  and  each  consists  of  a  band  of  surface  elevated  trans- 
versely into  a  number  of  ridges,  to  each  of  which  a  fringe  of 
cilia  is  attached,  so  as  to  form  a  comb-like  plate.  TJie  cilia  in 
the  middle  of  these  transverse  ridges  are  the  longest,  and  they 
gradually  diminish  in  length  towards  the  sides,  so  that  the 
form  of  each  comb  is  somewhat  crescentic.  Besides  the  comb- 
like groups  of  vibratile  cilia,  Pleurdbrachia  is  provided  with 
two  very  long  and  flexible  tentacular  processes,  which  are 
fringed  on  one  side  with  smaller  cirrhi.  These  filamentous 
processes  arise  each  from  a  sac,  situated  on  one  of  the  lateral 
actinomeres,  within  which  they  can  be  completely  and  instan- 
taneously retracted  at  the  will  of  the  animal. 


Fis.  3«. 


The  mouth  of  Pleurobradiia  (fig.  37,  a)  opens  into  a  fusi- 
form digestive  sac,  or  stomach  {b),  the  lower  part  of  which  is 
provided  with  brown  cells,  supposed  to  discharge  the  functions 
of  a  liver.  The  stomach  opens  below  into  a  shorter  and  wider 
cavity  {^,  termed  the  "  funnel,"  from  which  two  canals  diverge 
in  the  direction  of  the  vertical  axis  of  the  organism,  to  open 
at  the  "  apical  pole."  These  canals  are  known  as  the  "  apical 
canals"  (e),  and  their  apertures  as  the  "  apical  pores."  From 
the  funnel  two  other  pairs  of  canals  are  given  off.  Of  these, 
one  pair — -known  as  the  "  paragastric  canals  " — turns  upwards, 
one  running  parallel  to  the  digestive  sac  on  each  side  {d),  and 
"  terminating  csecally  before  quite  reaching  the  oral  extremity." 
The  second  pair  of  canals  (i) — the  so-called  "  radial  canals" — 
branch  off  from  the  funnel  laterally,  each  dividing  into  two, 
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and  then  again  into  tivo,  as  they  proceed  towards  the  peri- 
phety  of  the  body.  Thus,  the  two  "  primary"  radial  caiials 
produce  four  "  secondary"  canals  {k),  and  these,  in  turn,  give 
rise  to  eight  "  tertiary"  radial  canals  (/),  which  finally  termi- 
nate by  opening  "at  right  angles  into  an  equal  number  of 
longitudinal  vessels,  the  '  ctenophoral  canals'  (/),  whose  course 
coincides  with  that  of  the  eight  locomotive  bands.  These 
canals  end  cacally  both  at  their  oral  and  apical  extremities."^ 
(Greene.)  The  whole  of  thi*;  complex  c^nal  system  is  lined  by 
a  ciliated  endoderm  ^nd  a  constant  c  ri-uUtion  of  the  included 
nutrient  fluids  is  thus  mai  itamed 

Immediately  withm  the  apical  pole  is  situated  a  small  cyst 
or  vesicle,  supposed  to  be  an  organ  of  sense  and  termed  the 


canals;  // Tertiary  radial  canals    f-Tena  le 

3.  Longitudinal  Mcrioa  atPUuriim  km.  a  Mo  Ih  i  D  gtslive  cavity  ;  i  Fun- 
nel; ^  <^  Paiaaastnc  caDids  te  Apcal  canals  /L  CDOpho  al  canal  f  Tentadc; 
*  Cteuoeyit    (Mtec  Greene  ) 

"  ctenocyst"  {h).  In  structure  the  "  ctenocyst "  consists  of  3 
spherical  vesicle,  lined  with  a  ciliated  epithelium,  and  filled 
with  a  clear  fluid,  which  contains  mineral  particles,  probably 
of  carbonate  of  lime.  Resting  upon  the  ctenocyst  is  a  small 
ganglionic  mass,  giving  origin  to  a  number  of  delicate  fila- 
ments, and  generally  admitted  to  be  a  rudimentary  form  of 
nervous  system.  The  reproductive  organs  of  Pkurohrachia 
are  in  the  form  of  folds,  containing  either  ova  or  spermatozoa, 
and  situated  beneath  the  cndodermal  lining  of  the  ctenophor.il 
canals,  one  on  each  side. 

The  embryo  Pleurobrachia  is  at  first  rudely  cylindrical  in 
form,  a  belt  of  cilia  passing  round  the  middle  of  its  body. 
This  soon  breaks  up  into  two  lateral  groups,  which  eventually 
disappear  altogether,  "  the  ctenophores,  at  first  very  broad  and 
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few  ill  number,  at  an  early  period  taking  on  the  performance 
of  their  special  function  " — (Greene ) 

As  regards  the  homologies  bttneen  Adima  and  P/eurobrackia, 
the  following  may  be  quoted  from  Professor  Greene  :— 

"If  now  A  comparison  be  made  between  this  nutrient 
system  (the  canal  system  of  the  Ctenophotd)  "and  that  of 
Actinia,  the  digestive  sacs  of  the  two  organisms  are  clearly 
seen  to  correspond  in  form,  in  relative  size,  -ind  mode  of 
communication  ■with  the  somatic  cavity  Ihe  funnel  and 
apicil  canals  of  Pleurobrachia,  though  more  distinctly  marked 
out,  are  the  homologues  of  those  ]M.rts  of  the  general  cavity, 
which  m  Actinia  are  central  m  position,  and  underlie  the  free 
end  of  the  digestive  sat  So  also  the  paragastnc  and  radial 
c^nals  may  be  hkened  to  those  lateral  portions  ot  the  somatic 
cavity  of  Actinia  which  are  not  included  between  the  mesen- 
teries Lastly,  the  ctenophoral  canals  of  Pkurobrachia  and  the 
somatic  chambers  of  Actinia  appear  to  be  truly  homologous,  the 
chief  difference  between  the  two  forms  being,  that  while  in  the 
latter  the  body-chambers  are  wide  and  separated  by  very  thin 
partitions,  they  are  in  Plmrobrachia  reduced  to  the  condition 
of  tubes;  the  mesenteries  which  intervene  becoming  very 
thick  and  gelatinous,  so  as  to  constitute,  indeed,  the  principal 
bulk  of  the  body."  The  "  apical "  canals,  again,  by  which  the 
digestive  sac  communicates  inferiorly  with  the  external  medium, 
may  be  compared  with  the  perforation  which  is  found  in  some 
of  the  Adiiiidce  {Ccrianthus  and  Pcachia)  traversing  the  axis  of 
the  base  or  foot. 

The  remaining  members  of  the  Ctawphora  confoiin  in  most 
essential  respects  with  Pkurobrachia,  the  roost  important  dif- 
ferences being  found  in  the  canal-system.  For  purposes  of 
comparison  this  system  may  be  divided  into  four  portions  as 
follows : — r.  The  "  axial  system,"  consisting  of  the  mouth, 
stomach,  funnel,  and  apical  canals,  z.  The  "  paraxial  system," 
comprising  the  paragastric  canals.  3.  The  "  radial  system," 
comprising  the  primary,  secondary,  and  tertiary  radial  canals. 
4,  The  "  ctenophoral  system,"  consisting  of  the  tubes  which  run 
underneath  the  locomotive  bands. 

In  Beroe,  which  is  in  other  respects  very  similar  to  Pleuro- 
brachia, the  axial  system  of  canals  is  the  same  as  we  have  seen 
in  the  latter.  The  paraxial  system,  however,  consists  of  two 
pairs  of  paragastric  canals,  which,  instead  of  terminating 
CEBcally,  open  into  a  circular  canal  which  surrounds  the  mouth. 
The  ctenophoral  canals,  likewise,  open  into  the  oral  vessel, 
instead  of  terminating  ca;cally  as  in  Pleurobrachia.  Lastly, 
the  radial  system  is  not  developed,  the  ctenophoral  canali 
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simply  curving  round   towards  their  apical   extremities,  and 
opening  into  the  funnel  directly. 

Amongst  the  Beroida  the  mouth  extends  entirely  across  tlie 
oral  extremity  of  the  body;  hence  they  have  been  termed 
JEurystomala,  the  term  Stenoslomata  being  applied  collectively 
to  all  the  other  Ctenophora. 

The  Beroida  farthec  differ  from  Pkiirobrachia  in  being 
destitute  of  the  long  tentacular  appendages  so  characteristic 
of  the  latter. 

In  Cesium,  or  "Venus's  Girdle,"  "elongation  takes  place  to 
an  extraordinary  extent,  at  right  angles  to  the  direction  of  the 
digestive  track,  a  flat,  ribbon-shaped  body,  three  or  four  feet  in 
length,  being  the  result." 

Divisions  of  the  Ctenophora.- — The  following  arrange- 
ment of  the  Ctenophora  has  been  adopted  by  Gegenbaur  (see 
Greene) : — 

Order  CTENOPHORA. 


Family  I.  Callymmid^. 

Body  furnished  with  a  pair  of  anlero-posterior  oral  lobes,  and  oilier 
smaller  lateral  appendages.      Tentacles  various,  turned   towards  Ihe 
moulh. 
Family  II,   Cestid«. 

Body  ribbon-shaped,  extended  in  a  lateral  direction,  without  oral 
lobes.      Tentacles  two  in  number,  antero-posterior,  turned  towards  the 
mouth. 
Family  III.  Callianirir.*. 

Budy  produced  into  a  pair  of  wing-like  lateral  lobes,  bearing  the  ctcno- 
phores.      Tentacles  two  in  number,  lateral,  turned  from  the  mouth. 
Family  IV.   PLEttROBRACHIAD.*^ 

Body   oval   or  spheroidal,  n-ithout    orai    lobes.      Tailadei  two    in 
number,  lateral,  turned  from  the  mouth. 

Sub-order  II,  Eurystomata. 
Family  V.  Beroid.e. 

Body  oval,  elongated,  without  oral  lobes.     Tentacles  absent 


CHAPTER   XVII. 

DISTRIBUTION   OF  ACTINOZOA. 

I.  Distribution  of  Actinozoa  in  Space.     2.  Coral  Reefs. 
3.  Distribution  of  Actinozoa  in  Time.     4.  Appendix. 

Distribution  of  Actinozoa  in  Space. — The  Zoaniharia  mala- 
i  appear  to  have  an  almost  cosmopolitan  range,  sea- 
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anemones  being  found  on  almost  every  coast ;  some  of  the 
tropical  forms  attaining  a  very  large  size.  The  Ctenopfwra, 
too,  have  an  almost  world-wide  distribution,  occurring  in  all 
seas  from  the  equator  to  within  the  arctic  circle.  In  habit  all 
the  Ctenophora  are  pelagic,  being  found,  like  the  oceanic  Hy- 
drozoa,  swimming  near  the  surface  far  from  land.  Pennatulidie 
and  Gorgonidte  are  found  in  the  seas  of  the  temperate  zone, 
but  the  ktter  attain  their  maximum  within  the  tropics.  The 
Red  Coral  of  commerce  {Corallium  rubrum)  is  derived  from 
the  Mediterranean. 

The  so-called  "reef-building"  Corals  have  their  distribution 
conditioned  by  the  mean  winter  temperature  of  the  sea,  a  tem- 
perature of  not  less  than  66°  being  necessary  for  their  existence. 
The  seas,  therefore,  which  possess  the  necessary  temperature 
may  be  said  to  be  all  comprised  within  a  distance  of  about 
1800  miles  of  the  equator  on  each  side.  Within  these  limits, 
however,  apparently  owing  to  the  influence  of  Arctic  currents, 
no  coral-reefs  are  found  on  the  western  coasts  of  America  and 
Africa.  They  are  found  chiefly  on  the  east  coast  of  Africa, 
the  shores  of  Madagascar,  the  Red  Sea  and  Persian  Gulf, 
throughout  the  Indian  Ocean  and  the  whole  of  Polynesia,  and 
around  the  West  Indian  Islands  and  the  coast  of  Florida. 

All  known  Actinozoa  are  marine,  no  member  of  the  class 
having  hitherto  been  found  in  fresh  water. 

Coral-reefs. — A  "  coral-reef"  is  a  mass  of  coral,  sometimes 
many  hundred  miles  in  length,  and  it  may  be  two  thousand 
feet  or  more  in  thickness,  produced  by  the  combined  growth 
of  different  species  of  coralligenous  Actinozoa.  As  before  said, 
a  mean  winter  temperature  of  not  less  than  66°  is  necessary 
for  tlieir  existence,  and,  therefore,  nothing  worthy  of  the  name 
of  a  "coral-reef"  is  to  be  found  in  seas  so  far  removed  from 
the  equator  as  fo  possess  a  lower  winter  temperature  than 
the  above.  The  headquarters  of  the  reef-building  Corals 
may  be  said  to  be  around  the  islands  and  continents  of  the 
Pacific  Ocean.  According  to  Darwin,  coral-reefs  may  be 
divided  into  three  principal  forms— viz.,  Fringing-reefs,  Barrier- 
reefs;  and  Atolls,  distinguished  by  the  following  characters : — 

I.  Fringing  reefs  (fig.  38,  i).— These  are  reefs,  seldom  of 
great  size,  which  may  either  surround  islands,  or  skirt  the 
shores  of  continents.  These  shore-reefs  have  no  channel  of 
any  great  depth  intervening  between  them  and  the  land,  and 
the  soundings  on  their  seaward  margin  indicate  that  they  repose 
upon  a  gently-sloping  surface. 

z.  £arrier-reefs  (fig.  38,  2).— These,  like  the  preceding,  may 
either  encircle  islands,  or  may  skirt  continents.     They  are  dis- 
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tinguished  from  fringing-reefs  by  the  fact  that  they  occur  usually 
at  a  much,  greater  distance  from  land,  that  there  intervetics  a 
channel  of  deep  water  between  them  and  the  shore,  and  that 
soundings  taken  close  to  their  seaward  margin  indicate  enor- 
mous depths.  If  the  barrier-reef  surround  an  island,  it  is  some- 
times called  an  cue  rcl  ng  barr  er  reef  and  t  con  t  utts  with 
its  island  what  is  called  a     lagoon  sKnd 

As  an  example  of  th  s  cla.  s  of  reefs  may  be  taken  1  e  great 
barrier-reef  on  the  N  E  coast  of  V  stral  a  the  structure  of 
which  is  on  a  perfectly  colo  sal  scale  Tl  s  reef  runs  with  a 
few  breaches         ts    o  t       t     for  a  d    ta  ce  of  n  ore  than  a 


^      -^  =~ 


cbaDDCl  or  lagoon. 


"A' 


thousand  miles,  its  average  distance  from  the  shore  being  be- 
tween twenty  and  thirty  miles,  and  the  depth  of  the  inner 
channel  being  from  ten  to  sixty  fathoms,  whilst  the  sea  outside 
is  "  profoundly  deep  "  (in  some  places  over  rSoo  feet). 

3.  Jit)//s  (fig.  38,  3).^These  are  nearly  circular  reefs  of 
coral,  enclosing  a  central  expanse  of  water  or  lagoon.  They 
seldom  form  complete  rings,  the  reef  being  usually  breached 
by  one  or  more  openings,  which  are  always  situated  on  the  lee- 
ward side,  or  on  that  side  which  is  most  completely  sheltered 
from  the  prevailing  winds.  In  their  structure  they  are  iden- 
tical with  "  encircling  barrier- reefs,"  and  differ  from  these  only 
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in  the  fact  that  the  lagoon  which  they  enclose  does  not  contain 
an  island  in  its  centre. 

If  a  coral-reef  be  observed — say  a  portion  of  an  encircling 
barrier-reef— the  following  are  the  general  phenomena  which 
may  be  noticed.  The  general  shape  of  the  reef  is  triangular, 
presenting  a  steep  and  abrupt  wall  on  the  seawaid  side,  and 
having  a  long  and  gentle  slope  towards  the  land.  The  outer 
margin  of  the  reef  is  exposed  to  the  bearing  of  a  tremendous 
surf,  whilst  the  soundings  taken  just  outside  the  line  of  break- 
ers always  indicate  great  depths.  The  longer  inner  slope  is 
washed  by  the  calm  waters  of  the  inner  lagoon  or  channel. 
The  reef  is  only  very  partially  composed  of  living  corals,  which 
are  found  to  occupy  a  mere  strip,  or  zone,  along  the  seaward 
margin  of  the  ree^  whilst  all  above  this,  as  well  as  all  below,  is 
constituted  by  dead  coral,  or  "  coral-rock." 

As  to  the  method  in  which  such  a  reef  is  produced,  the  fol- 
lowing facts  have  been  established  : — 

A.  The  coral-producing  polypes  cannot  exist  at  levels  higher 
than  extreme  low  water,  exposure  to  the  sun,  even  for  a  short 
period,  proving  rapidly  fatal.  It  follows  from  this  that  no  coral- 
reef  can  be  raised  above  the  level  of  the  sea  by  the  eiforts  of 
its  builders.  The  agency  whereby  reefs  are  raised  above  the 
surface  of  the  sea,  is  the  denuding  power  of  the  breakers  which 
constantly  fall  upon  their  outer  maigins.  These  detach  laige 
masses  of  dead  coral,  and  heap  them  up  in  particular  places, 
until  an  island  is  gradually  produced.  The  fragments  thus 
accumulated  are  compacted  together  by  the  finer  detritus  of 
the  reef,  and  are  cemented  together  by  the  percolation  of  water 
holding  carbonate  of  lime  in  solution.  In  this  way  the  upper 
surface  of  the  reef,  along  a  line  of  greater  *or  less  breadth,  is 
more  or  less  completely  raised  above  the  level  of  high  water. 
It  is  obvious,  however,  that  the  reef  might  be  entirely  de- 
stroyed by  a  continuation  of  this  process — the  sea  being  quits 
competent  to  undo  what  it  had  done— unless  some  counteract- 
mg  force  were  brought  into  play.  This  counteracting  force  is 
found  in  the  vital  activity  of  the  living  corals  which  form  the 
seaward  matgin  of  the  reef,  and  which,  by  their  growth,  prevent 
the  sea  from  always  destroying  the  masses  of  sediment  which 
it  may  have  thrown  up. 

B.  The  coral-producing  polypes  cannot  exist  at  depths  ex- 
ceeding some  15  to  30  fathoms.  It  follows  from  this  that  no 
coral-reef  can  be  commenced  upon  a  sea-bottom  deeper  than 
about  30  fathoms.  The  question  now  arises— In  what  way 
have  reefs  been  produced,  which,  as  we  have  seen,  rise  out  <rf 
depths  of  300  fathoms  or  more  ?     This  question  has  been  an- 
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swered  by  Darwin,  who  showed  that  the  production  of  barrier- 
reefs  and  atolls  was  really  to  be  ascribed  to  a  gradual  subsi- 
dence of  the  foundations  upon  which  they  rast.  Thus,  if  a 
fringing-reef  which  surrounds  an  island  is  supposed  gradually 
to  sink  beneath  the  sea,  the  upward  growth  of  the  corals  will 
neutralise  the  downward  movement  of  the  land,  so  far,  at  any 
rate,  that  the  reef  will  appear  to  be  stationary,  whilst  it  is 
really  growing  upwards.  The  island,  however,  as  subsidence 
goes  on,  will  gradually  diminish  in  size,  and  a  channel  will  be 
formed  between  it  and  the  reef.  If  the  depression  should  be 
still  continued,  the  Island  will  be  reduced  to  a  mere  peak  in 
the  centre  of  a  lagoon ;  and  the  reef,  from  a  "  fringing-reef," 
will  have  become  converted  into  an  "  encircling  barrier-reef." 
As  the  growth  of  the  reef  is  chiefly  vertical,  the  continued  de- 
pression will,  of  course,  have  produced  deep  water  all  round 
the  reef.  If  the  subsidence  be  continued  still  further,  the  cen- 
tral peak  will  disappear  altogether,  and  the  reef  will  become  a 
more  or  less  complete  ring  surrounding  a  central  expanse  of 
water  ;  thus  becoming  converted  into  an  "  atoll,"  The  pro- 
duction, therefore,  of  encircling  barrier-reefs  and  atolls  is  thus 
seen  to  be  due  to  a  process  of  subsidence  of  the  sea-bottom. 
The  existence,  however,  of  fringing-reefs  is  only  possible  when 
the  land  is  either  slowly  rising,  or  is  stationary  ;  and  as  a  mat- 
ter of  fact,  fringing-reefs  are  often  found  to  be  conjoined  with 
upraised  strata  of  post-tertiary  age.  Atolls  and  enchcling  bar- 
rier-reefs, on  the  other  hand,  are  not  found  in  the  vicinity  of 
active  volcanoes — regions  where  geology  teaches  us  that  the 
land  is  either  stationary  or  is  undergoing  slow  upheaval. 

C.  Different  portions  of  a  coral  reef  are  occupied  by  differ- 
ent kinds  of  corals.*  According  to  Agassiz,  the  basement  of  a 
coral-reef  is  formed  by  a  zone  of  massive  Astrmans.  These  can- 
not flourish  at  depths  of  less  than  six  fathoms  of  water,  and 
consequently  when  the  surface  of  the  reef  has  reached  this 
level,  the  Astraans  cease  to  grow.  Their  place  is  now  taken 
by  Mmndrinas  (Brain-corals)  and  Porites;  but  these,  too,  can- 
not extend  above  a  certain  level.  Finally,  the  summit  of  the 
reef  is  formed  by  an  a^regation  of  less  massive  corals,  such  as 
MiidreporidiE,  Milleporidx,  and  Gorgmidit. 

Distribution  of  Actinozoa  in  Time. — With  the  single  ex- 
ception of  the  Mollusca,  no  division  of  the  animal  kingdom 
contributes  such  important  and  numerous  indications  of  its 
past  existence  as  the  Adinozoa. 

In  the  Palseozoic  Rocks  the  majority  of  corals  belong  to 
the  division  Rugosa,  these  seeming  to  have  filled  the  place  now 
taken  by  the  sclerodermic  Zoaniharia.     The  order  Rugosa  is 


Hosled  by  Google 


CCELENTERATA  :   ACTINOZOA.  I39 

entirely  Paleozoic,  with  the  single  exception  of  the  genus  Holo- 
(ystis  which  is  represented  in  the  Secondaiy  Rocks  by  a  single 
species  (viz.,  H.  eiegans,  from  the  lower  Greensand)  and  a  few 
Tertiary  forms.  In  the  lower  Palaeozoic  Rocks  the  Mugosa 
are  especially  abundant;  but  in  the  Permian  formation  the 
order  is  represented  by  the  single  genus  Polyciielia. 

The  Zoantharia  Scterodermata^  though  attaining  their  maxi- 
mum at  the  present  day,  nevertheless  are  well  represented 
in  past  time,  beginning  in  the  Silurian  period  One  subdi- 
vision of  this  group,  the  Tubulosa,  is  entirely  confined  to  the 
Palieozoic  Rocks,  and  another,  the  Tabulata,  is  chiefly  Paiieo- 
zoic.  The  Perforata  ajid  Aporosa,  on  the  other  hand,  are  more 
abundant  in  the  Mesozoic  and  Kainozoic  Epochs. 

The  Zoantharia  Sderobasica  are  hardly  known  as  fossils,  but 
the  Miocene  deposits  of  Piedmont  (Middle  Tertiary)  have 
yielded  a  species  of  Antipathes. 

The  Zoantharia  Malacodermata,  from  the  soft  nature  of  their 
bodies,  are  obviously  incapable  of  leaving  any  traces  of  their 
existence ;  though  we  are  by  no  means  therefore  justified  in 
asserting  that  they  did  not  exist  in  past  geological  epochs. 

The  Alcyonaria  are  very  doubtfully  represented  in  rocks 
older  than  the  Chalk ;  the  Lower  Silurian  fossil  called  Pro- 
tovirgularia  being  more  probably  referable  to  the  Uydrozoa. 
One  of  the  Pmnatulid<e  (viz.,  Graphularia)  has  been  found  in 
the  London  Clay  (Eocene),  and  the  same  formation  has  like- 
wise yielded  two  species  of  Gorgonida  {Mopsea  and  Websteria). 
The  genus  CoralUum  has  likewise  been  found  in  deposits  of 
Miocene  age. 

The  Ctenophora,  being  entirely  destitute  of  any  hard  structures, 
are  not  known  at  all  as  occurring  in  the  fossil  condition. 

Appendix  giving  a  Tabular  View  of  the  Divisions  of  the 

Zoantharia  Sclerodermata  and  Rugosa  (aftse 

Milne-Edwahds  and  Jules  Haime). 

A-  The  Zoajiihuria  Sclerodermata  are  defined  by  the  possession  of  n 
sclerodemiic  coralliroi,  Ihe  parts  of  which  are  arranged  in  mnltiples  of  five 
Septa  generally  well  developed,  but  not  combined,  as  a  rule,'  with 


The  following  chief  divisions  of  the  Zeantharia  Sclerodermela  are,  with 
few  alterations,  those  adopted  by  the  above-mentioned  authorities  1 — 

I,  Tabulata. — Septa  rudimentary  or  absent ;   tabula  well  developed, 
dividing  the  visceral  chamber  into  a  series  of  stories. 

1.  TAendiS. — Coraltmn  massive  ;  a  dense  spurious  ccenenehyma  formed 

1^  the  lateral  union  of  the  septa  ;  labufc  numerous. 

2.  Favoiilidis. — Septa  and  corallites  distinct;  little  or  no  true  ccenen- 
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3.  Serutloporida:. — Corallum  arborescent ;  sclerenchjma  abundant  and 

compacl ;  tabulse  few. 

4.  Milleperidie. — CoraUum  massive  or  foliaceous  ;  septa,  not  numerous; 

sclerenchjma  tabular  or  cellular. 
II.  Perforata. — Septa  well  developed  ;  no  tabulie  ;  dissepiments  rudi- 
mentary ;  sclerencbyma  porous. 

5.  Eufaammida. — Corallum  simple  or  composite  ;  septa  well  developed 

and  lamellar  i  columella  sponj^ose. 

6.  PoritidiE. — Corallum  composed  of  spongy,  reticulated  sclerenehyma. 

Septa  never  lamellar,  but  consisting  wholly  of  a  more  or  less  definite 
Berjes  of  Irabecula;  ;  no  tabuhe. 

7.  Madreporidn. — Corallum  usually  composite  ;  cienencbycna  abundant 

and  spongy ;  thecie  porous,  not  distinct  from  the  cceneuchyma ; 
septa  distinct,  but  slightly  perforate- 
Ill.  Aporosa. — Septa  well  developed,  completely  lamellar,  and  primitively 
consisting  of  six  elements  ;  nb  tabiike  ;  sclerenehyma  imperforate. 

8.  Fungidte. — Corallum  simple  or  compound  ;  Ihecze  ill  developed,  and 

somewhat  porous  ;  no  dissepiments  or  tabula  ;  synapliculte  numer- 

9.  Asirsids:. — Corallum  simple  or  compound  ;  no  proper  ctenenchymii ; 

numerous  dissepiments  ;  no  synapticuke.     Corallites  well  defined, 
and  separated  from  one  another  by  perfect  walls. 

10.  Oculinida. — Corallum  composite  ;  ccenenchyma  abundant  and  com- 
pact ;  dissepiments  few  in  number.  Walls  of  the  corallites  without 
perforations,  not  distinct  from  the  ccenehcbyraa. 

11.  Turiindiil^. — CoiallulQ  usually  simple ;  no  ccenenchynia;  septa  well 
developed  ;  no  dissepiments,  nor  synapticula;. 

IV.  TUBULOSA.— Septa  indicated  by  mere  striar;  thecaspyriform;  corallites 
sometimes  connected  by  a  creeping  basal  ctenenchyma. 

12.  Aalopor-idic. — This  being  the  only  family  in  the  Tubulosa,  its  charac- 
ters are  necessarily  the  same  as  those  of  the  division  itself. 

S.  Oeder  Rugosa. — Characterised  by  the  possession  of  a  sclerodermic 
corallum,  usually  with  septa  and  tabulie  combined,  the  former  being  in 
multiples  of  four.  The  corallites  are  always  distinct,  and  are  never  united 
together  by  a  ccenenchyma.  The  septa  are  usually  incomplete,  but  are 
neycr  porous,  and  never  bear  synapticula.  The  order  is  divided  into  the 
following  four  families  : — 
Family  I.  Stauridte. 

Corallum  simple  or  composite  ;  septa  incomplete,  united  by  lamellar 
dissepiments  ;  four  large  primary  septa,  forming  a  cross. 
Family  2.   Cyathaxontds. 

Corallum  simple ;  septa  complete ;  no  dissepiments  ortabula;;  with- 
out four  primary  septa. 
Family  3.    Cyathophyllida. 

Comllum  simple  or  composite  ;  septa  incomplete  ;  tabuire  generally 
present 
Family  4.  Cystipkyllid^. 

Coridlum  simple,  composed  cliiefly  of  a  vesicular  mass,  with  but 
sligbC  traces  of  septa. 
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Sub-kingdom  III.  Annuloida  {  =  Echinozoa,  P^razxt). — This 
sub-kingdom  was  proposed  by  Professor  Huxley  for  the  recep- 
tion of  the  two  groups  of  the  £chinodermata  and  the  Scolecida, 
of  which  the  former  belonged  to  the  old  sub-kingdom  Radiata, 
whilst  the  latter  was  formerly  classed  with  the  Annulosa.  The 
same  sections  have  been  grouped  by  Professor  AUman  together, 
under  the  name  Echinozoa;  the  kotifera,  however,  being  ex- 
cluded from  this  division  and  classed  with  the  Annulosa.  Ey 
others  again,  the  Annukida  are  looked  upon  as  a  section  of  the 
Annulosa,  and  not  as  a  distinct  sub-kingdom.  Provisionaily, 
however,  it  seems  best  to  regard  the  Annuioida  as  one  of  the 
primary  divisions  of  the  animal  kingdom,  it  being  impossible, 
in  the  meanwhile,  to  frame  a  definition  common  to  it  and  to 
the  Annulosa.  The  name  Vermes  has  sometimes  been  em- 
ployed to  designate  the  sub-kingdom  Annuioida,  certain  classes 
being  sometimes  removed  elsewhere,  or  certain  others  being 
added.  In  its  most  modem  signification,  the  term  Vermes 
may  be  held  as  synonymous  with  Annuioida,  minus  the  Echino- 
dermata  ^vAplus  the  whole  of  the  Anarthropodous  division  of 
the  Annulosa. 

The  Annuioida  are  distinguished  by  the  presence  of  a  distinct 
nervous  system,  and  the  possession  of  an  alimentary  canal  which  is 
entirdy  shut  off  from  the  general  cavity  of  the  body.  A  peculiar 
system  of  canals,  usually  communicating  with  the  exterior,  and 
termed  the  "  water-vascular"  or  "  aquiferotis"  system,  is  present 
in  all;  and  a  true  vascular  apparatus  is  sometimes  present.  Jh 
none  is  the  body  of  the  adult  composed  of  definite  segments,  or 
with    "bilaterally  disposed   successive  pairs  of  ap- 


The  union  of  the  Echinodcrmata  with  the  Scolecida  in  a  single 
sub-kingdom,  as  proposed  by  Huxley,  must  be  regarded  as  a 
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purely  provisional  arrangement.  Many  other  classifications 
have  been  proposed,  each  with  some  obvious  advantages  and 
some  disadvantages.  Perhaps  the  most  natural  arrangement 
would  be  to  establish  a  separate  sub-kingdom  for  the  Echinoder- 
mata,  and  to  group  the  Stokcida  with  the  Anarthropoda  under 
the  name  of  Vermes.  In  the  confessedly  imperfect  state  of  our 
knowledge,  however,  it  will  be  as  well  to  retain  for  the  present 
the  sub-kingdom  Annuioida. 

The  Annuioida  are  divided  into  two  great  classes,  the  Echino- 
dermaia  and  the  Scokcida, 

Class  I. — Echinodermata. 

The  members  of  this  class  are  known  commonly  as  Sea- 
urchins,  Star-fishes,  Brittle-stars,  Feather-stars,  Sea-cucumbers, 
&c,  and  the  following  are  their  leading  characteristics.  They 
are  all  animals  which,  in  the  adult  condition,  show  a  more  or 
less  distinctly  radiate  condition  of  their  parts,  especially  of  those 
around  the  mouth ;  whilst  in  their  embryonic  stages  they  are 
more  or  less  distinctly  bilaterally  symmetrical.  Whilst  radial 
symmetry-  in  the  great  majority  of  cases  preponderates  in  the 
adult  Echinoderm,  there  are,  nevertheless,  many  instances  in 
which  the  fully-grown  animal  shows  distinct  traces  of  bilateral 
S)Tnmetry.  The  external  envelope  of  the  body  ("  perisorae  ") 
is  either  composed  of  numerous  calcareous  plates,  articulated 
together,  or  of  a  coriaceous  integument,  in  which  calcareous 
granules  and  spicules  are  usually  developed.  In  all  adult 
Echimderms  there  is  a  system  of  tubes,  termed  the  "  ambu' 
lacTal  systenn,"  which  generally  subserves  locomotion,  and 
usually  communicates  with  the  exterior.  This  water-vascular 
system  surrounds  the  commencement  of  the  alimentary  canal, 
and  in  almost  all  cases  gives  off  secondary  vessels  in  a  radiating 
manner.  An  alimentary  canal  is  always  present,  and  is  com- 
pletely shut  off  from  the  body-cavity.  In  many,  if  not  in  all, 
both  neural  and  hieraal  systems  are  developed.  The  nervous 
system  in  all  the  adult  Echinoderms  is  a  nng-hke  ganglialed 
cord,  which  surrounds  the  oesophagus  and  sends  branches 
parallel  to  the  radiatmg  ambulacral  canals. 

The  special  feaaires  of  the  stnicture  cf  the  Echinodermata 
will  be  noticed  under  eacn  order,  but  it  will  be  as  well  to  give 
here  an  abstract  of  Professor  Hurley's  description  of  the  pro- 
cess of  development  in  the  members  of  the  class.  In  the  great 
majority,  if  not  in  all,  of  the  Echinodermata  the  impregnated 
ovum  is  developed  into  a  free-swimming  ciliated,  ovoid  embryo. 
Soon  the  cilia  become  restricted  to  one,  two,  or  more  bands. 
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which  are  generally  disposed  transversely  to  the  long  axis  of 
the  body,  and  are  in  all  cases  bilaterally  symmetrical.  The 
parts  of  tlie  body  which  support  the  cilia  are  usually  developed 
into  protuberances,  or  processes,  which  are  symmetrically  dis- 
posed upon  the  two  sides  of  the  body.  "Thelarv£eof^j/«-/Vj'cii 
and  Holoihuridea  are  devoid  of  any  continuous  skeleton,  but 
those  of  Ophiuridea  and  Echinidea  possess  a  very  remarkable, 
bilaterally  symmetrical,  continuous,  calcareous  skeleton,  which 
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giveb  rise,  in  the  Echtntdea,  the  Astertdta,  the  Opkwtidea,  and 
the  Crinoidea,  to  the  body-wall  of  the  adult;  the  larval  body 
and  skeleton  (when  the  latter  exists),  with  more  or  less  of  the 
primitive  intestine,  being  either  cast  off  as  a  whole,  or  dis- 
appearing, or  becoming  incorporated  with  the  secondary 
development,  while  a  new  mouth  is  developed  in  the  centre  of 
the  ring  formed  by  the  circular  vessel.  The  vessels  which 
radiate  from  the  latter  give  off  diverticula  to  communicate 
with  the  cavities  of  numerous  processes  of  the  body — the  so- 
called  feet— which  are  the  chief  locomotive  organs  of  the 
adult.  The  radiating  and  circular  vessels,  with  all  their 
appendages,  constitute  what  is  known  as  the  'arabulacral 
system ' ;  and  in  Asterids  and  Echinids  this  remarkable  system 
of  vessels  rernains  in  communication  with  the  exterior  of  the 
body  by  canals,  connected  with  perforated  portions  of  the 
external    skeleton  —  the    so-called    '  madrcporic   canals  '   and 
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'tubercles.'  In  Ophiurids  the  persistence  of  any  such  com- 
munication of  the  ambulacral  system  with  the  exterior  is 
doubtful,  and  still  more  so  'm.  Crinoids.  In  Holothurids  no 
such  communication  obtains ;  the  madreporic  caiials  and  their 
tubercles  depending  freely  from  the  circular  canal  into  the 
perivisceral  cavity." 

By  Professor  Wyville  Thomson  the  larva  of  the  Eehimder- 
mata  is  termed  the  "  pseud-embryo,"  since  it  leads  a  perfectly 
independent  existence,  and  the  true  Echinoda-m  is  usually 
developed  out  of  a  portion  only  of  its  substance.  The  great 
peculiarity,  therefore,  in  the  development  of  the  Ecftinodermata 
is  found  in  the  possession  by  the  larva  of  provisional  oigans, 
which  may  be  either  absorbed  or  cast  oif,  but  which  are  not 
converted  into  the  corresponding  structures  of  the  adult.  Thus 
the  Pbiicus  of  an  Ek;hinoid  possesses  a  mouth  and  alimentary 
canal  which  are  not  converted  into,  and  in  no  way  correspond 
with,  the  mouth  and  alimentary  canal  of  the  adult 

The  Echinodermata  are  divided  into  seven  orders— »-viz.,  the 
Crinoidea,  Cystoidea,  Blastoidea,  Opkiuroidea,  Asteroidea,  Echi- 
noidea,  and  Holoikurmdea.  Of  these,  the  first  is  almost  extinct 
and  the  two  next  are  entirely  so ;  they  are  really  the  lowest 
orders ;  but  their  structure  wilt  he  better  understood  if  the 
higher  orders  are  considered  first. 


CHAPTEIi  XIX. 
ECHINOIDEA. 


Order  Echinoidea.— The  members  of  this  order — commonly 
known  as  Sea-urchins — are  characterised  by  the  possession  of 
a  subgiobose,  discoid  1  d  p  e  s  d  body  ncased  in  a  "  test " 
or  shell,  which  is  comp      dm  n  ovably  connected, 

calcareous  plates.     Th     n        n  n        ted,  and  there  is 

a  distinct  anus,     Th     n       h  y  an     d  with  calcareous 

teeth,  and  is  always    tu      d    n   h     n  rface  of  the  body, 

but  the  position  of    h     an       p  s.      The  larva  is 

pluteiform,  and  has  a   k 

The  "  test "  of  the  EJttnotdm  is  composed  of  numerous  cal- 
careous plates,  firmly  united  to  one  another  by  their  edges, 
and  bearing  different  names  according  to  their  position  and 
function.  In  one  or  two  exceptional  cases,  though  the  essen- 
tial structure  of  the  shell  is  the  same  as  in  the  ordinary  forms. 
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ihe  plates  of  the  test  are  so  thin,  and  are  so  united  together, 
that  the  entire  test  becomes  flexible  and  soft.  In  all  recent 
members  of  the  order  the  test  is  composed  of  twenty  rows  of 
these  plates,  arranged  in  ten  alternating  zones,  which  pass 
from  the  one  pole  of  the  animal  to  the  other,  each  zone  being 
composed  of  two  similar  rows.  Five  of  these  double  rows  are 
composed  of  large  plates,  which  are  not  perforated  by  any 
apertures  (fig.  39) ;  the  zones  formed  by  these  imperforate 
plates  being  termed  the  "  inter-am bulacral  areas."  The  other 
five  double  rows  of  plates  alternate  regularly  with  the  former, 
and  are  termed  the  "arabulacral  areas,"  or  "poriferous  zones." 


Each  of  these  zones  is  composed  of  two  rows  of  small  plates, 
which  are  perforated  by  minute  apertures  for  the  emission  of 
the  "  ambulacral  tubes,"  or  "  tube-feet"  Growth  of  the  test  Js 
carried  on  by  additions  made  to  the  edge  of  each  individual 
plate,  by  means  of  an  ot^nised  membrane  which  passes  be- 
tween the  sutures,  where  the  plates  come  into  contact  with  one 
another.  The  plates  of  the  test  are  studded  with  large  tuber- 
cles, which  are  more  numerous  on  the  inter-ambulacral  areas 
than  on  the  ambulacral,  and  are  wanting  on  all  the  plates 
which  do  not  belong  to  either  area.  These  tubercles  carry 
spines  (fig.  40),  used  defensively  and  in  locomotion,  which  are 
articulated  to  their  apices  by  means  of  a  sort  of  "  universal" 
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or  "  ball-and-socket"  joint.  Occasionally  a  small  ligamentous 
band  passes  between  the  head  of  the  tubercle  and  the  centre 
of  the  concave  articular  surface  of  the  spine,  thus  closely  re- 
sembling the  "  round  ligament"  of  the  hip-joint  of  man.  Be- 
sides the  main  rows  of  plates  just  described,  forming  the  so- 
called  "  corona,"  other  calcareous  pieces  go  to  make  up  the 
test  of  an  Echinus.  The  mouth  is  surrounded  by  a  coriaceous 
peristomial  membrane,  which  contains  a  series  of  small  cal- 
careous pieces,  known  as  the  "  oral  plates " ;  whilst  a  corre- 
spondii^  series  of  "anal  plates"  is  found  in  the  membrane 
surrounding  the  opposite  termination  of  the  alimentary  canal. 
Surrounding  the  aperture  of  the  anus  at  the  summit  of  the  test 
is  the  "apical  disc,"  composed  of  the  so-called  genital  and 


ocular  plates  (fig.  39,  3).  The  "  genital  plates  "  are  five  large 
plates  of  a  pentagonal  form,  oach  of  which  is  perforated  by  the 
duct  of  an  ovary  or  testis.  One  of  the  genital  plates  is  larger 
than  the  others,  and  supports  a  spongy  tubercle,  perforated  by 
many  minute  apertures,  like  the  rose  of  a  watering-pot,  and 
termed  the  "  madreporifonn  tubercle."  The  genital  plates 
occupy  the  summits  of  the  interambulacral  areas.  Wedged 
in  between  the  genital  plates,  and  occupjdng  the  summits  of 
the  ambulacral  areas,  are  five  smaller,  heaxt-shaped,  or  penta- 
gonal plates,  known  as  the  "  ocular  plates,"  each  being  per- 
forated by  a  pore  for  the  reception  of  an  "  ocellus  "  or  "  eye.  " 
Besides  the  spines,  which  are  sometimes  of  a  very  great 
length,  the  test  often  bears  curious  little  appendages,  called 
"pedicellariEB,"  and  often  supposed  to  be  parasitic.     Each  of 
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these  consists  of  a  stem,  bearing  two  or  three  blades  or  claws, 
which  snap  together  and  close  upon  foreign  objects,  like  the 
beak  of  a  bird.  I'heir  action  appears  to  be  independent  of 
the  will  of  the  animal,  and  their  true  function  is  not  known ; 
but  they  may  be  regarded  as  peculiarly  modified  spines. 

Locomotion  in  the  Echinoidea  is  effected  by  means  of  a 
singular  system  of  contractile  and  retractile  tubes,  which  con- 
stitute the  "  ambulacral  tubes,"  or  "  tube-feet,"  and  are  con- 
nected with  the  "ambulacral  system"  of  aquiferous  canals  (fig. 
41).  From  the  perforated  "  madreporiforra  tubercle  "  on  the 
largest  of  the  genital  plates,  there  proceeds  a  membranous 
canal  known  as  the  "  stone  "  or  ""iand  canal  "  whereby  water  is 
d       n  n  tub        rr       d 
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.  fibres,  by  the  contraction  of  which  their  contained  fluid  is  forced 
into  die  tube-feet,  which  are  thus  protruded.  Retraction  of  the 
ambulacral  tubes  is  effected  by  proper  muscular  fibres  of  their 
own,  which  expel  again  the  fluid  which  has  been  forced  into 
tl.em  by  the  vesicles.  According  to  Owen,  the  terminal  sucker 
ii;  each  tube-foot  of  the  Echinus  is  "  supported  by  a  circle 
of  five,  or  sometimes  four,  reticulate  calcareous  plates,  which 
intercept  a  central  foramen,  and  by  a  .single,  delicate,  reticu- 
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lated,  perforate  plate  on  the  proximal  side  of  the  preceding 
group.  The  centre  of  the  suctorial  disc  is  perforated  by  an 
aperture  conducting  to  the  interior  of  the  ambulacra!  tube- 
foot."  This  perforation  of  the  suctorial  discs  of  the  ambulacra, 
though  affirmed  by  Valentin,  is  denied  by  Miiller;  and  it  is 
difficult  to  believe  'hat  it  would  not  impair  the  functions  of 
the  feet  in  the  act  of  protrusion. 

The  digestive  system  of  the  Echinus  consists  of  a  mouth, 
armed  with  five  long,  calcareous,  rod-like  teeth,  which  per- 
forate five  triangular  pjramids,  the  whole  forming  a  singular 
structure,  known  as  "  Aristotle's  Lantern."  The  mouth  con- 
ducts by  a  pharynx  and  a  tortuous  a;so])ha;-;us  to  a  stomach. 
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mouth  is  always  situated  at  the  base  of  the  test,  and  may  be 
central,  sub-central,  or  altogether  excentric  in  position.  The 
anus  varies  considerably  in  its  position,  being  usually  situated 
within  the  apical  disc,  and  surrounded  by  the  genital  and 
ocular  plates,  when  the  test  is  said  to  be  "  regular,"  Some- 
times, however,  the  anal  aperture  is  without  the  apica!  disc, 
and  is  removed  to  some  distance  from  the  genital  plates,  when 
the  test  is  said  to  be  "  irregular,"  The  convolutions  of  the 
alimentary  canal  are  attached  to  the  interior  of  the  test  by  a 
delicate  mesentery ;  the  surface  of  which,  as  well  as  that  of  the 
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lining-membrane  of  the  shell,  is  richly  ciliated,  and  subserves 
the  purposes  of  respiration. 

The  proper  blood-vascular  system  (fig.  41,  2)  consists  of  a 
central,  fusiform,  contractile  vesicle,  or  heart.  This  gives  ofi 
one  vessel,  which  forms  a  ring  round  the  intestine  near  the 
ao«s,  and  another  which  passes  downwards,  and  forms  a  circle 
round  the  gullet,  above  the  "  circular  canal "  of  the  ambulacral 
system.  From  the  anal  vessel  proceed  five  arterial  branches, 
which  run  along  the  ambulacral  spaces,  and  return  their  blood 
by  five  branches,  which  run  alongside  of  them  in  an  opposite 
direction.  This  blood-vascular  system  has  been  thought  to  be 
homologous  with  the  pseudohfemal  system  of  the  Annelida, 
rather  than  with  the  true  circulatory  system  of  higher  animals. 
By  Huxley,  however,  the  pseudoh^mal  vessels  of  the  Anne- 
lides  are  looked  upon  as  homologous  with  the  water-vascular 
system  of  the  Scokdda,  to  which  the  water-vascular  or  am- 
bulacral system  of  the  Echinoderms  is  unquestionably  com- 
parable. The  haimal  system,  therefore,  of  the  Echinoderms 
must  be  regarded  as  something  not  represented  amongst  the 
Annelides. 

The  nervous  system  consists  of  a  ganglionated  circular  cord, 
which  surrounds  the  gullet  below,  or  superficial  to,  the  "circular 
canal "  of  the  ambulacral  system,  and  which  sends  five  branches 
along  the  ambulacral  spaces,  in  company  with  the  radiating 
ambulacral  canals. 

There  is  no  distinct  respiratory  organ,  but  the  function  of 
aeration  of  the  blood  appears  to  be  performed  partly  by  the 
vascular  lining  of  the  test  and  the  mesentery,  and  partly  by  the 
secondary  ambnlacral  vesicles.  The  perivisceral  cavity  is  filled 
with  sea-water,  but  the  mode  in  which  this  is  admitted,  or 
renovated,  is  not  known  with  certainty.  According  to  Tiede- 
mann,  the  water  gains  access  to  the  interior  by  means  of  short, 
branched  processes,  which  are  attached  to  the  extremities  of 
the  inter-ambulacral  areas  round  the  mouth ;  but  others  deny 
that  these  are  perforated  by  any  apertures.  These  processes 
aj-e  apparently  nothing  more  than  greatly-developed  tube-feet, 
and  ihey  are  probably  homologous  with  the  crown  of  feathery 
tentacles  surrounding  the  mouth  in  the  Holothurians ;  though 
this  is  perhaps  represented  by  some  very  large  tube-feet  placed 
just  round  the  mouth. 

The  sexes  are  distinct  in  all  the  Echinoidca,  and  the  repro- 
ductive organs  are  in  the  fonn  of  five  membranous  sacs, 
which  occupy  the  inter-ambulacral  areas,  and  open  on  the 
r  by  means  of  the  apertures  in  the  genital  plates.  In 
"irregular"  Echinoids  (such  as  the  "heart-urchins")  there 
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are  only  four  genital  glands,  and,  dierefore,  only  four  genital 
plates  in  the  apical  disc. 

The  Echinoidea  may  be  divided  into  the  following  principal 
families : — 

Synopsis  of  the  Families  of  Echinoidka  (aftlr  Pojiel). 

SlTB-OKDER  i.      EcfiiN  IDA.— Test  Composed  of  no  more  than  tivenly  rows 
of  plates. 
a.  .S^iiWrw^.— Mouth  excenfric,  in  front ;  anus  behind;  anterior  am- 
hufacrum  obliteraled  ;   form  obovatc.     (The  so-called  "  Spantan- 
goid"  Sea-urchins.) 

1.  ^BaBfic/tflSi.— With  simple  ambulacra. 

2.  Spatitangida. — With  petaloid  ambulacra. 

i.  Lampa£forraes.~iliaa<&i  central,  or  nearly  so;  toothed  or  toothless; 
anus  more  or  less  postefior,  bat  often  mounting  high  enough  to 
enter  into  the  genital  disc  ;  ambulacra,  similar. 

3.  Eikinoneida. — Toothless  ;  ambulacra  simple. 

4.  Cassidulida. — Toothless  ;  ambulacra  petaloid. 

5.  (7/t;^Biirt™i3.— Toothed  ;  ambulacra  petaloid. 

6.  ^fAjHOfDninit— Toothed  ;  ambulacra  simple. 

c.  GloMformes.'-'iAaa'ih  central ;  anus  opposite  the  mouth,  surrounded 
by  the  genital  plates. 

7.  Cidanaa, — Ambulacra  prolonged  on  the  buccal  mcrnbrane  and 

destitute  of  buccal  branchix. 

8.  £i:i4j'»(iis.— Ambulacra  not  prolonged  on  the  buccal  membrane, 

but  provided  with  buccal  branchia:. 
Sub-order  n.  Perischoechinid«  or  Tesselata.— Corona  of  the  test, 
consisting  of  more  than  twenty  rows  of  plates.     (The  Pal  Kozoic  Sea- 
urchins,  Archnoddaris  and  Palachiiais.) 


CHAPTER    XX. 

ASTEROIDEA  AND  OPHWROIDEA. 

Order  Asteroidea  {Slellerida). — -This  order  comprises  the 
ordinary  star-fishes,  and  is  defined  by  the  following  characters: 
— The  body  (fig.  42)  is  star-shaped  or  pentagonal,  and  consists 
of  a  central  body  or  "disc,"  surrounded  by  five  or  more  lobes, 
or  "arms,"  which  radiate  from  the  body,  are  hollow,  and  con- 
tain prolongations  of  the  viscera.  The  body  is  not  enclosed 
in  an  immovable  box,  as  in  the  Echinoidea,  but  the  integument 
("perisome")  is  coriaceous,  and  is  strengthened  by  irregular 
calcareous  plates,  or  studded  by  calcareous  spines.  No  dental 
apparatus  is  present.  The  mouth  is  inferior,  and  central  In 
position ;  the  anus  either  absent  or  dorsal.  The  ambulacral 
tube-fcct  are  protruded  from  grooves  on  the  under  surface  of 
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the  rays.    The  larva  is  vermiform,  and  has  no  pseud  embryonic 
skeleton. 

The  skeleton  of  the  Asteroidea  is  composed  of  a  vast  number 
of  small  calcareous  plates,  or  ossicula,  united  togetli«r  by  the 
coriaceous  perisome,  so  as  to  form  a  species  of  chain-armour. 
Besides  these,  the  integument  is  abundantly  supplied  with 
spines,  tubercles,  and  "  pedicellariffi."  Lastly,  the  radiating 
ambulacral  vessels  run  underneath  a  species  of  internal  skele- 
ton, occupying  the  axis  of  each  arm,  and  composed  of  a  great 
number  of  bilateral  "  vertebral  ossicles  "  or  calcareous  plates, 
which  are  movably  articulated  to  one  another,  and  are  provided 
with  special  muscles  by  which  they  can  be  brought  together  or 
drawn  apart      The  upper  surface  of  a  star-fish  corresponds  to 


the  combined  inter-am bulacral  areas  of  an  Echinus,  and  ex- 
hibits the  aperture  of  the  anus  {when  present),  and  the  "mad- 
reporifonn  tubercle,"  which  is  situated  near  the  angle  between 
two  rays.  The  inferior  or  ventral  surface  corresponds  to  the 
ambulacra!  areas  of  an  Echinus,  and  exhibits  the  mouth  and 
ambulacral  grooves. 

The  mouth  is  cetitra]  in  position,  and  is  not  provided  with 
teeth ;  it  leads,  by  a  short  gullet,  into  a  lai^e  stomach,  from 
which  a  pair  of  sacculated  diverticula  are  prolonged  into  each 
ray.  A  distinct  intestine  and  anus  may,  or  may  not,  be  pre- 
sent ;  but  the  anus  is  sometimes  wanting  (in  the  genera,  Astro- 
pecien,  Ctmodiscus,  and  Luidid). 

The  ambulacral  system  is  essentially  the  same  as  in  the 
Echinoidea,  and  is  connected  with  the  exterior  by  means  of  the 
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" mELdreporiform  tubercle,"  or  "nuclei.       tw       h 
of  these  being  occasionally  present      Ih  b  la 

are  arranged  in  two  or  four  rows,  alon     gr 
surface  of  the  arms. 

The  blood-vascular  system  consists  E 

w  iar  vessels,  one  round  the  ii  d  d 

th     g  11  t    vitli  a  dilated  tube,  or  heart         w        g  b  n 

th  fl    re  are  no  distinct  respiratory      ga       b       h 

f  f  tl  e  viscera  are  abundantly  s  pp    d      h  d 

d     btl  bserve  respiration ;  the  se  b      g  d 

n  tt  d  the  general  body-cavity  b     m 

nt      1 1    ciliated  tubes,  which  projec  h    d 

of  the   body,   and  are  perforated  at     h 
(Owen). 

The  nervous  system  consists  of  a  ga  d       d  d 

ing  the  mouth,  and  sending  filaments  to  each  of  the  rays.  At 
the  extremity  of  each  ray  is  a  pigment-spot,  corresponding  to 
one  of  the  ocelli  of  an  Echinus,  and,  like  it,  supposed  to  be  a 
rudimentary  organ  of  vision.  Tlie  eyes  are  often  surrounded 
by  circles  of  movable  spines,  called  "  eyelids." 

The  generative  organs  are  in  the  form  of  ramified  tubes, 
arranged  in  pairs  in  each  ray,  and  emitting  their  products 
either  into  the  surrounding  medium,  by  means  of  efferent  ducts 
wliich  open  round  the  mouth,  or  into  the  general  body-cavity, 
by  dehiscence,  the  external  medium  in  this  latter  case  being 
ultimately  reached  through  the  respiratory  tubes.  In  thetr 
development,  the  Asieroidea  show  the  same  general  phenomena 
as  are  characteristic  of  the  class  ;  but  the  larvse  are  not  pro- 
vided with  any  continuous  endoskeleton.  In  some  Asteroids 
the  larval  forms  have  been  described  under  the  name  al  Bipin- 
7iaria,  and  in  these,  as  in  the  Pbiieas  of  the  Echinoids,  a  large 
portion  of  the  larva  is  cast  off  as  useless.  In  Bipinnaria  asteri- 
gera  (Sars)  the  digestive  cavity  is  a  simple  sac  which  sends 
no  prolongations  into  the  rays,  and  the  mouth  is  inter-radial, 
instead  of  being  placed  in  the  centre  of  the  ambulacra)  system. 
The  mouth  of  the  adult  is  at  this  stage  closed  by  the  soft  exter- 
nal skin  of  the  larva. 

The  general  shape  of  the  body  varies  a  good  deal  in  different 
members  of  the  order.  In  the  common  star-fish  {Uraster  ru- 
bens)  the  disc  is  small,  and  is  furnished  with  long,  finger-like 
rays,  usually  tiye  in  number.  In  the  CribeUte  (fig.  42)  the 
general  shape  of  the  body  is  very  much  the  same.  In  the 
Sotasters  the  disc  is  large  and  well  marked,  and  the  rays  arc 
from  twelve  to  fifteen  in  number,  and  are  narrow  and  short 
(about  half  the  length  of  the  diameter  of  the  body).     In  the 
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Ganiasters  the  body  is  in  the  form  of  a  pentagonal  disc,  flattened 
on  both  sides ;  the  true  "  disc  "  and  rays  being  only  visible  on 
the  under  surface  of  the  body.  In  none  of  the  true  star-fishes, 
however,  are  the  arms  ever  sharply  separated  from  the  disc,  as 
in  the  Ophiuroidea,  but  they  are  always  an  immediate  con- 
tinuation of  it. 

The  order  Asteroidea  has  been  divided  by  Dr  Gray  as  fol- 

OsDER  Asteroidea. 

Section  a.     Ambulacra  wUh  four  nm>s  of  feet. 

Family  i,     Asleriadts.     Dorsal  wart  simple. 
Section  b.     Amuhlacra  with  Itbo  rovis  of  feel. 

Family  2.  Astropeciinidts.  Back  (lattish,  netted  with  nuriierons  tuber- 
cles, crowned  with  radiating  spines  at  llie  tip,  called  ' '  paxillfe. " 
Family  3.  PaOacerelidiS.  Body  supported  by  roundisb  or  elongated 
pieces,  coveted  with  a.  smooth  or  granular  skin,  pierced  with  minute 
pores  between  the  tubercles. 
Family  4.  Asterinida.  Body  discoidal  or  pyramidal ;  shacp-edged  ; 
ci-^i.. —  f .J  „f  fl...:,i.    :„i,^...g  plates  J  dorsal  wart  single, 

Order  OpHiuEoiDEA.^This  order  comprises  the  small  but 
familiar  group  of  the  "  Brittle-stars"  and  "  Sand-stars,"  often 
considered  as  belonging  to  the  Asteroidea,  to  which  they  are 
nearly  aJlied.  The  body  in  the  Ophiuroidea  (fig,  43)  is  dis- 
coidal, and  is  covered  with  granules,  spines,  or  scales,  but 
pedicellarife  are  wanting.  From  the  body — which  contains  aJl 
the  viscera — proceed  long  slender  arms,  which  may  be  simple 
or  branched,  but  which  do  not  contain  any  prolongations  from 
the  stomach,  nor  have  their  under  surface  excavated  into  am- 
bulacral  grooves.  The  arms,  in  fact,  are  not  simple  prolonga- 
tions of  the  body,  as  in  the  Asteroidea,  but  are  special  appen- 
dages, superadded  for  locomotive  and  prehensile  purposes. 
Each  arm  is  enclosed  by  four  rows  of  calcareous  plates,  one  on 
the  dorsal  surface,  one  on  the  ventral  surface,  and  two  lateral. 
In  the  centre  of  each  arm  is  a  chain  of  quadrate  ossicles,  form- 
ing a  central  axis,  and  between  this  axis  and  the  row  of  ventral 
plates  is  placed  the  ambulacral  vessel.  Each  ossicle  of  the 
central  chain  is  composed  of  two  symmetrical  halves,  but  these 
are  immovably  articulated  together,  and  are  not  movable  upon 
one  another,  as  in  the  Asteroidea.  The  mouth  is  situated  in 
the  centre  of  the  inferior  surface  of  the  body,  is  provided  with 
a  masticatory  apparatus,  and  is  surrounded  by  tentacles.  It 
opens  durectly  into  a  sac-like  ciliated  stomach,  which  is  not 
continued  into  an  intestine,  the  mouth  serving  as  an  anal  aper- 
ture. The  stomach  is  destitute  of  lateral  diverticula.  The 
reproductive'  organs  are  situated  near  the  bases  of  the  arms. 
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and  open  by  orifices  on  the  ventral  surface  of  the  body  or  in 
the  interbrachial  areas. 

It  is  very  questionable  whether  the  ambulacra!  system  in  the 
adult  Ophiuroidm  communicates  with  the  exterior;  its  place 
as  a  locomotive  apparatus  being  taken  by  the  arms.'  The 
radial  vessels  of  the  ambolacral  system  are  not  provided  with 
secondary  vesicles  or  "  ampullae,"  as  they  are  in  tlie  Bchinouiea 
and  AsUroidea,  and  the  lateral  "  feet"  which  they  give  off  have 
no  terminal  suckers.      Tlic  madreporiform  tubercle  is  either 


placed  on  the  inferior  surface  of  the  body  or  is  partially  con- 
cealed by  one  of  the  plates  surrounding  the  moutli. 

The  larva  of  the  Ophiuroidm  is  ptuteiform,  and  is  furnished 
with  a  continuous  endoskeleton ;  and  in  some,  as  in  Ophio- 
kpis  squamafa,  the  echinoderm-body  appears  within  the  larva, 
when  the  latter  has  attained  but  a  very  imperfect  degree  of 
development 

In  Euryale  the  body  is  in  the  form  of  a  sub-globose  disc 
with  five  obtuse  angles,  and  the  arms  are  prehensile.      In  As- 
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terophyton,  the  Medusa-head  star,  the  arms  are  divided  from 
the  base,  first  dichotomously,  and  then  into  many  brandies. 
In  Ophiura,  the  sand-star,  the  arms  serve  for  reptation  (creep- 
ing), and  are  undivided,  often  exceeding  the  diameter  of  the 
disc  many  times  ia  length. 

The  order  Ophiuroidea  may  be  divided  into  two  families,  as 
follows ; — 

Family  I.  Opkiuridea. 

Genital  fissnres  two  or  four  in  number.     Arms  five,  always  simple. 
Family  2.  Aitavfkydiis. 

Genital  fissures  ten  in  nvimber.     Arms  five,  simple  or  branched. 


CHAPTER    XXL 

CRINOIDEA,  CVSTOIDEA.   AND  BLASTOIDEA. 

Order  Crinoidea. — The  members  of  this  order  are  Echino- 
dermaia,  in  which  the  body  is  fixed,  during  the  whole  or  a  portion 
of  the  existence  of  the  animal,  to  the  sea-bottom  by  means  of  a 
longer  or  shorter,  Jointed,  and  flexible  stalk.  The  body  is  dis- 
tinct, composed  of  articulated  calcareous  plates,  bursiform, 
or  cup-shaped,  and  provided  with  solid  arms,  which  are  pri- 
marily from  five  to  ten  in  number,  are  independent  of  the 
visceral  cavity,  and  are  grooved  on  their  upper  surfaces  for  the 
ambulacra.  (The  position  of  the  body  being  reversed,  the 
upper  surface  is  ventral;  whilst  the  rfijrj-ff/ surface  is  inferior, 
and  gives  origin  to  the  pedicle.)  The  tubular  processes, 
however,  which  are  given  off  from  the  radiating  ambulacral 
canals  of  the  Crinoidea,  unlike  those  of  the  Echinoidea  and 
Asteroidea,  are  not  used  in  locomotion,  but  have  probably  a 
respiratory  function.  The  mouth  is  central,  and  looks  upwards, 
an  anal  aperture  being  sometimes  present^  sometimes  absent. 
The  ovaries  are  situated  beneath  the  skin  in  the  grooves  on  the 
ventral  surfaces  of  the  arms  or  pinnules,  as  are  also  the  ambu- 
lacral or  respiratory  tubes.  The  arms  are  furnished  with  nu- 
merous lateral  branches  or  "pinnule."  The  embryo  is  "free 
and  ciliated,  and  develops  within  itself  a  second  larval  form, 
which  becomes  fixed  by  a  peduncle." — (Huxley.) 

Of  those  Crinoidea  which  are  permanently  fixed  to  the  sea- 
bottom  by  a  jointed  pedicle,  there  exist  but  a  few  living 
forms,  of  which  the  best  known  is  the  Pentaerinus  Caput- 
Medusa.     In  this  type  of  the  Crinoidea — largely  represented 
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in  past  geologica!  epochs — the  body  is  composed  of  a  series  of 
.calcareous  plates,  united  together  so  as  to  form  a  cup  or 
"  calyx,"  the  bottom  of  which  is  continued  into  a  "  column,"  or 
pedicle,  composed  of  a  series 
of  calcareous  joints  or  articu- 
lations, whereby  the  animal 
is  fixed  to  some  foreign  body. 
The  upper  part  of  ^e  calyx 
is  roofed  over  by  a  scries  of 
'careous  plates,  and  is  per- 
I  forated  by  the  apertures  of 
the  mouth  and  anus,  the  lat- 
ter being  sometimes  absent. 
In  the  recent  species  the 
mouth  is  centra],  and  there 
is  a  distinct  anus  at  one 
side.  The  margin  of  the 
calyx  gives  origin  to  the  arms, 
which  are  grooved  on  their 
upper  (or  ventral)  surfaces  for 
the  aiiibulacra.  In  the  liv- 
ing Crimids  the  ambulacral 
grooves  are  continued  along 
the  upper  surface  of  the  ca- 
lyx to  the  mouth.  In  the 
PaJfeozoic  Crinoids  there  is 
only  a  single  opening  on  the 
upper  surface  of  the  calyx, 
which  is  sometimes  central 
and  sometimes  lateral,  and 
which  serves  both  as  a  mouth 
and  anus.  In  many  cases 
this  aperture  is  level  with  the 
surface  of  the  calyx,  but  in 
many  species  it  is  placed  at 
the  summit  of  a  long  pro- 
■iHns  LtfoieH-  jecting  tube,  which  is  termed 
^zr'"fls'l™'  *'^^  "proboscis."  The  am- 
bulacral grooves  in  the  Palae- 
ozoic Crinoids  are  found  on 
the  ent  1  su  fa  es  of  the  arms,  as  in  the  living  species  ;  but 
ins  e  d  of  be  ng  continued  over  the  surface  of  the  body  to 
the  mo  1  hey  op  short  at  the  bases  of  the  arms,  where  they 
ga  access  o  the  nterior  of  the  calyx  by  a  series  of  special 
apertures,-  '""--' 
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More  recently  a  stalked  Crinoid  has  been  discovered  in  the 
Atlantic  and  North  Sea,  and  has  been  described  under  the 
name  of  Rhizocrinus  Lefotensis  (fig.  44).  The  chief  interest  of 
this  form  is  the  fact  that  it  belongs  to  a  group  of  the  Crinoidea 
hitherto  believed  to  be  exclusively  confined  to  the  Mesozoic 
Rocks — viz.,  the  Apiocrinida  or  "  Pear-encrinites."  In  feet, 
Rhizocrinus  is  very  closely  allied  to  the  Cretaceous  genus 
£ourgueturinus,  and  it  may  even  be  doubted  if  it  is  generically 
separable  from  it  The  late  remarkable  researches  into  the  life 
of  the  deeper  p  r  s  of  the  ocean  I  a  e  brouf,l  t  to  1  ^1 1  several 


new  Crlnoids,  which  will  doubtless,  when  fully  investigated, 
still  further  fill  up  the  interval  between  the  living  and  extinct 

In  the  second  type  of  the  Crinoidea — represented  in  otir  seas 
by  the  Comafuia  (fig.  45),  or  Feather-star — the  animal  is  not 
permanently  fixed,  but  is  only  attached  by  a  stalk  when  young 
(fig.  45,  b),  in  which  condition  it  was  described  as  a  distinct 
species,  under  the  name  of  Pentacrinus  Europaus.  In  its  adult 
condition,  however,  the  Comatula  is  free,  and  consists  of  a  pen- 
tagonal disc,  which  gives  origin  to  ten  slender  arms,  which  are 


Hosled  by  Google 


IJS  MANUAL   OF  ZOOLOGY. 

fringed  with  many  marginal  pinnulie  or  "  cirri,"  The  mouth 
and  anus  are  on  the  ventral  surface  of  the  disc,  which  in  this 
case  is  again  the  inferior  surface,  since  the  animal  creeps 
about  by  means  of  its  pinnated  arms.  The  arms,  in  fact,  of 
Comatula  appear  to  be  purely  locomotive  in  function,  and  to  be 
never  employed  as  prehensile  organs.  The  animal  hves  upon 
very  minute  organisms,  drawn  into  the  mouth  by  the  action  of 
the  cilia  lining  the  alimentary  canaL  The  dorsal  cirri,  however, 
are  employed  to  moor  the  animal  temporarily  to  solid  objects. 
The  mouth  is  central  in  position,  and  the  anus,  which  m  some 
species  forms  a  tubular  projection,  is  situated  on  one  side. 
Both  the  arms  and  the  lateral  pinnulje  are  grooved  on  their 
ventral  surfaces  for  the  ambulacral  vessels ;  and  the  pinnules 
also  serve  for  the  siipport'of  the  reproductive  organs  It  is 
extremely  doubtful  if  the  ambulacral  system,  in  the  adult,  has 
any  communication  with  the  exterior.  The  function,  in  fa.ct, 
of  the  water-vascular  system  appears  to  be  wholly  respiratory, 
locomotion  being  entirely  effected  by  means  of  the  arms.  The 
alimentary  canal  is  confined  entirely  to  the  disc,  and  the 
stomach  sends  no  diverticula  along  the  arms  as  it  does  in  the 
Asteroidea.  The  larva  or  pseudembiyo  of  Comatula  rosacea  is 
a  small  ovate  organism,  with  four  transverse  ciliated  bands,  a 
key-hole-^ aped  mouth,  and  a  small  vent  and  rudimentary  in- 
testine, the  whole  showing  no  traces  of  radiation.  The  young 
Crinoid  is  produced  within  the  pseudembryo,  and  develops  a 
fresh  mouth,  anus,  and  stomach  for  itself;  the  first  being 
originally  oro-anal  in  function,  and  being  placed  in  the  centre 
of  the  ambulacral  system. 

Several  species  of  Comatula  are  known,  and  the  genus  ap- 
pears to  be  cosmopolitan  in  its  distribution.  Tlie  genus 
Ophurinus  has  been  formed  for  species  said  to  possess  no 
more  than  five  undivided  arms. 

Order  Cystoidea  (Cysiided). — The  members  of  this  order 
are  all  extinct,*  and  are  entirely  confined  to  the  Palseozoic 
period.  The  body  (fig.  46)  was  more  or  less  spherical,  and 
was  protected  by  an  external  skeleton,  composed  of  numerous 
polygonal  calcareous  plates,  accurately  fitted  together,  and 
enclosing  all  the  viscera  of  the  animd.  The  body  was  in 
most  cases  permanently  attached  to  the  sea-bottom  by  means 
of  a  jointed  calcareous  "  column,"  or  pedicle,  but  this  was 
much  shorter  than  in  the  majority  of  Crinoids.      Upon  the 

'  Recently  Professor  Loven  has  described  a  singular  Au.itralian  Echino- 
denii  as  being  most  closely  allied  to,  if  not  traly  referable  to,  the  order 
Cystoidea.  He  has  named  tliis  curious  form  Byponcme  Sarsi,  and  iielieves 
it  to  be  nearly  related  to  the  Cyslidean  genus  Agdaciinita. 
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a  second  f 


upper  surface  of  the  body  were  two,  sometimes  three  aper- 
tures, the  functions  of  which  have  been  a  matter  of  considerable 
controversy.  One  of  these  is  lateral  in  position,  is  defended 
by  a  series  of  small  valvular  plates,  and  is 
believed  by  some  to  be  the  mouth,  whilst 
by  others  it  is  asserted  to  have  been  an 
ovarian  aperture.  The  view  advocated  by 
Mr  Billings,  that  this  aperture  was  the  , 
mouth,  appears  from  every  point  of  view 
to  be  most  probably  correct ;  or  rather  it 
was  oro-anal,  as  was  also  the  proboscis  of 
the  PalEeocrinoids.  The  second  opening 
is  central  in  position,  and  is  believed  by 
Mr  Billings  to  be  the  "ambulacral  orifice," 
as  it  is  always  in  the  centre  of  the  arms 
when  these  are  present  The  third  aper- 
ture is  only  occasionally  present,  and  ' 
doubtless  dischai^ed  the  functions  of  an 

In  some  Cystoidea  there  were  no  arms, 
properly  speaking,  but  only  small  pinnul<e. 
lion  true  arms  were  present,  but  these  were  bent  backwards, 
and  were  immovably  soldered  down  to  the  body.  In  one 
single  species  {Comarocystites  punctatus,  Billings)  the  develop- 
ment has  gone  further,  die  arms  being  free,  and  provided  with 
lateral  pinnuice,  as  in  the  true  Crinoids. 

Many  Cystideans  are  likewise  provided  with  a  system  of 
pores,  or  fissures,  penetrating  the  plates  of  the  body,  and  usu- 
ally arranged  in  definite  groups.  These  groups  are  termed 
"pectinated  rhombs,"  but  their  exact  function  is  doubtful. 
By  Mr  Billings,  however,  they  are  believed,  and  apparently 
with  good  reason,  to  have  admitted  water  to  the  body-cavity, 
and  to  have  thereby  subserved  a  respiratory  function. 

Order  Blastoidea. — The  members  of  diis  order,  hke  those 
of  the  preceding,  are  all  extinct,  and  are  entirely  confined  to 
the  Palieozoic  period.  The  body  was  fixed  to  the  bottom  of 
the  sea  by  means  of  a  short  jointed  pedicle ;  it  was  globular 
or  oval  in  shape,  and  composed  of  solid  polygonal  calcareous 
plates,  firmly  united  together,  and  arranged  in  five  inter-ambu- 
lacral  and  as  many  ambulacra]  areas.  (These  ambulacral  areas 
are  termed  by  M'Coy  "  pseud-ambulacra,"  upon  the  belief  that 
they  were  not  pierced  for  tube-feet,  but  that  they  carried  a 
double  row  of  little  jointed  tentacles  or  arms.)  The  ambula- 
cral areas  are  petaloid  in  shape,  having  a  deep  furrow  down  the 
centre,  and  striated  transversely.     They  converge  to  the  mouth, 
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which  is  superior  and  central  in  position,  and  is  surrounded  by 
five  ovarian  apertures.     No  arms  are  present. 

The  Blastoidea  are  known  more  famiharly  under  the  name 
oi  PentremiUs,  and  they  occur  most  commonly  in  the  Carboni- 
ferous Rocks. 


CHAPTER   XXII. 

HOLOTHUROJDEA. 

Order  Holothuroidea.  —  The  members  of  this  order  are 
commonly  known  by  the  name  of  "  sea-cucumbers,"  "  tre- 
pangs,"  or  "becbes-de-mer,"and  are  the  most  highly  organised 
of  all  the  Echinodermata.  The  body  is  elongated  and  vermi- 
form, or  rarely  slug-shaped,  and  is  not  provided  with  a  distinct 
test,  but  is  enclosed  in  a  coriaceous  skin,  sometimes  containing 
scattered  calcareous  granules  or  spicules.  The  ambulacral  tube- 
feet,  when  present,  are  usually  disposed  in  five  rows,  which 
divide  the  body  into  an  equal  number  of  longitudinal  segments 
or  lobes.  The  mouth  is  surrounded  by  a  circlet  of  feathery 
tentacles,  containing  prolongations  from  the  central  ring  of  the 
water-vascular  system  ;  and  an  anus  is  situated  at  the  opposite 
extremity  of  the  body.  There  is  a  long,  convoluted  intestine. 
A  sjiecial  respiratory,  or  water-vascular,  system  is  usually  de- 
veloped, in  the  form  of  a  system  of  arborescent  tubes,  which 
admit  water  from  the  exterior.  The  larva  is  vermiform,  and 
has  no  skeleton  (fig.  47).  At^  certain  period  of  their  exist- 
ence, the  young  Holothurians  are  barrel-shaped,  with  trans- 
verse rings  of  cilia.  They  rotate  rapidly  on  their  long  axis, 
and  have  at  this  stage  been  described  as  a  distinct  genus 
under  the  rwme  of  Auricularia. 

In  the  Holothurice  proper,  locomotion  is  chiefly  effected  by 
means  of  rows  of  ambulacral  tube-feet,  or  by  alternate  ex- 
tension and  contraction  of  the  worm-like  body;  but  in  the 
Synapfidce  there  are  no  ambulacra,  but  only  the  central  circular 
canal  of  the  ambulacra!  system,  and  the  animal  moves  by 
means  of  anchor-shaped  spicula,  which  are  scattered  in  the 
integument.  When  developed,  the  ambulacral  system  consists 
of  a  "  circular  canal,"  surrounding  the  mouth,  bearing  one  or 
more  "  Polian  vesicles,"  and  giving  off  branches  to  the  tenta- 
cula;  and  of  five  "radiating  canals"  which  run  down  the 
interspaces  between  the  great  lon^tudinal  muscles.  These 
radiating  canals  give  off  the   tube-feet  and  their  seconilary 
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vesicles,  just  as  in  the  Echinus.  In  the  typical  forms  there 
are  five  rows  of  tube  feet  but  these  may  be  scattered  over  the 
whole  body,  or  miy  be  restricted  to  the  ventral  surface. 
There  is  also  a  "  s.and  canal,"  which  arises  from  the  circular 
canal,  and  is  terminated  by  a  madreporiforra  tubercle;  but 
this,  instead  of  openmg  on  the  exterior,  hangs  down  freely  in 
the  perivisceral  cavity  The  fluid,  therefore,  with  which  the 
ambula/ral  sjstem  is  filled,  is  derived  from  the  perivisceral 
cavity,  and  not  from  the  exterior,  as  is  usually  the  case. 

The  mouth  in  Holothuria  is  situated  anteriorly,  and  is  sur- 
rounded by  a  beautiful  fringe  of  branched,  retractile  tentacles 
(fig.  47),  which  arise  from  a  ring  of  calcareous  plates,  and  into 
which  are  sent  prolongations  from  the  circum-oral  ring  of  the 
ambuiacral  system.  The  mouth  opens  into  a  pharynx,  which 
conducts  to  a  stomach.  The  intestine  is  long  and  convoluted, 
and  opens  into  a  terminal  dilatation,  termed  the  "  cloaca," 
which  serves    both  as  an  anus  and  as  an  aperture  for  the 


admission  of  sea-water  to  the  respiratory  tubes.  From  the 
cloaca  arise  two  branched  and  arborescent  tubes,  the  termina- 
tions of  which  are  probably  ctecal.  These  run  up  towards 
the  anterior  extremity  of  the  body,  and  together  constitute  the 
so-called  "  respiratory  tree."  They  are  highly  contractile,  and 
they  perform  the  function  of  respiratory  organs,  sea-water 
bemg  admitted  to  them  from  the  cloaca.  The  nervous  system 
consists  of  a  cord,  surrounding  the  gullet,  and  giving  off  five 
branches,  which  run  alongside  of  the  radiating  ambuiacral 
canals.  The  generative  organs  are  in  the  form  of  long,  rami- 
fied, CKcal  tubes,  which  open  externally  by  a  common  aper- 
ture, situated  near  the  mouth.  There  is  thus  no  trace  of  that 
radial  symmetry  which  is  observed  in  the  arrangement  of  the 
reproductive  organs  in  the  other  orders  of  the  Echimdermata. 
The  vascular  system  consists  of  two  mdn  vessels — one  dorsal, 
and  the  other  ventral^connected  with  a  circum-cesophageal 
ring. 
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The  skin  in  the  Holothuria  is  highly  contractile,  and  the 
body  is  provided  with  powerful  longitudinal  and  circular 
muscles,  in  compensation  for  the  absence  of  any  rigid  integu- 
mentary skeleton.  Many  of  the  Sea-cucumbers,  in  fact,  are 
endowed  with  such  high  contractility  that  they  can  eject  their 
internal  organs  entirely,  if  injured  or  alarmed. 

In  Synapta  there  is  no  ambulacra]  system  of  tube-feet,  nor 
respiratory  tree.  Locomotion  is  effected  by  means  of  little, 
anchor-shaped,  calcareous  spicules,  placed  upon  little  papillfe 
of  the  integument.  Respiration  is  effected  in  the  abdominal 
cavity,  into  which  the  water  is  admitted  by  five  openings  be- 
tween the  tentacles. 

The  oxAw  Hokthurouka  rai)  be  di\i  led  into  the  follow ing 
two  families  — 

Family  I   Ilelothuiidt 

Body  free,  cjlmdncil,  with  a.  coriai-ious  mteeumcnt  containing 
scattered  calcareous  panicles  An  ambuUtral  system  always  and  a 
respiratory  tree  U'-uall)',  present 

Family  II  SymptiAe 

Body  free,  covered  with  a  coriaceous,  TOmelimes  soft,  inl^ument, 
containing  minute,  anchor  shaped  spicules  by  means  of  which  the 
animal  moves.  The  ambulacra!  s\>tem  rudimentary,  not  gmngnse 
to  tube  feet,  and  not  connected  with  locomotion  A  respiratory  tree 
sometimes  present,  sometimes  absent 


CHAPTER   XXIII. 


Distribution  of  Echinodermata  in  space. — The  Crinoidea 
are  represented  by  very  few  forms  in  recent  seas,  and  these 
have  a  very  local  distribution.  The  Comalulm  are  the  com- 
monest, and  species  have  been  found  in  most  seas.  The 
Pentacrinus  Capui-Medus<&  is  exclusively  confined,  as  far  as  is 
known,  to  the  Caribbean  Sea-  Rhizocrinus  Lqfotensis  has  been 
dredged  on  the  coast  of  Norway,  and  a  form  believed  to  be 
the  same  has  been  found  in  the  Gulf  of  Mexico. 

The  Asteroidsa,  Ophiuroidea,  and  Echtftoidea,  are  represented 
in  almost  all  seas,  whether  in  tropical  or  temperate  zones, 
some  occurring  very  far  north.  The  Holothurotdea.  have  their 
metropolis  in  the  Pacific  Ocean,  occurring  abundantly  on  the 
coral-reefs  of  the  Polynesian  Archipelago.     One  species  is  col- 
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lected  in  large  numbers,  and  is  exported  to  China,  where  it  is 
regarded  as  a  great  delicacy. 

Distribution  of  Echinodekmata  I^f  Timk— Numerous 
remains  of  EchiNodermata  occur  in  most  sedimentary  rocks, 
beginning  with  the  base  of  the  Lower  Silurian  Rocks,  and  ex- 
tending up  to  the  recent  period.  The  two  orders  Cysfoidea 
and  Blastoidca,  which  are  the  most  lowly  organised  of  the 
entire  class,  are  exclusively  Pateozoic ;  and  the  Crinoidea  are 
mostly  referable  to  the  same  epoch.  The  more  highly  organ- 
ised Asteruidea  and  Ophiuroidea  commenced  to  be  represented 
in  the  Silurian  period  j  but  the  Echimidea,  with  a  single  excep- 
tion, have  no  representative  earlier  than  the  Carboniferous 
Rocks.  The  following  exhibits  the  geological  distribution  of 
the  different  orders  of  the  Echinodermata  in  somewhat  greater 
detail  :— 

1.  Crinoidea.* — The  Crinoidea  attained  their  maximum  in 
the  Paleozoic  period,  from  which  time  they  liave  gradually 
diminished  down  to  the  present  day.  As  has  already  been 
described,  the  Palaeozoic  Crinoidea  differ  in  some  important 
particulars  from  those  which  succeeded  them.  The  order  is 
well  represented  in  the  Silurian,  Devonian,  and  Carboniferous 
Rocks,  but  especially  in  the  latter;  many  Carboniferous  lime- 
stones (crinoidal  limestones  and  entrochal  marbles)  being 
almost  entirely  made  up  of  the  columns  and  separate  joints  of 
Crinoids,  In  the  Secondary  Rocks  Crinoids  are  still  abund- 
ant In  the  Trias  the  beautifiil  "Stone-lily"  {Encrinus  lUii- 
formis)  is  peculiar  to  its  middle  division  (Muschelkalk).  In 
the  Jurassic  period  occur  many  Species  of  Apiocrinus  {Pear- 
encrinite),  Pentacrinus,  and  Extracrinus.  The  Chalk  also 
abounds  in  Crinoids,  amongst  which  is  a  remarkable  un- 
attached form  (the  Tortoise-encrinite  or  Marsupites). 

Of  the  non-pediculate  Crinoidea,  which  are  a  decided  ad- 
vance upon  the  stalked  forms,  there  are  few  traces;  but 
remains  of  Comatu!a  have  been  discovered  in  the  lithographic 
slate  of  Solenhofen  (Oolite)  and  in  the  Chalk. 

2.  Blastoidea. — The  Blastoidea,  or  Pentremites,  are  entirely 

*  As  regards  Ihe  calyx  of  the  fossil  Criniiidea,  the  following  terms  are 
n  ploy  d  10  designate  its  different  parts.  The  base  of  the  cup,  or  calyx, 
I  rmed  the  "  pdvis, "  and  it  is  made  up  of  five,  four,  or  sometimes  three 
pi  ttb  hieh  are  termed  the  "basals."  To  the  "basals"  succeed  two  or 
1  row  of  plates,  which  are  termed  respectively  the  "  primary  radials, " 
se  onda7  riidials,"  and  "tertiary  radials,"  according  to  their  distance 
f  m  Ih  basals.  The  axillary  radials,  which  are  the  furthest  removed, 
g  e  ft"  t''c  arms,  and  are  occasionally  called  ihe  "  seapul!e  "  {for 
th  n),  whilst  the   primary  and   secondary  radials   are   called  the 
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Paiteozoic,  and  attain  their  maximum  in  the  Carboniferous 
Rocks,  some  beds  of  which  in  America  are  known  as  the 
Pentremite  Limestone,  from  the  abundance  of  these  oi^anisms. 
They  are,  however,  also  found  in  the  Silurian  and  Devonian 
Rocks. 

3-  Cystidea. — These,  hke  the  preceding,  are  entirely  Pala;o- 
zoic ;  but  they  are,  as  far  as  is  yet  known,  exclusively  confined 
to  the  Upper  Cambrian  and  Silurian  Rocks,  being  especially 
characteristic  of  the  horizon  of  the  Bala  Limestone.  Forms 
supposed  to  be  Cystideans  have  been  described  from  the  Devo- 
nian Rocks,  but  their  true  nature  is  doubtful.  The  oldest 
known  Echinoderms  are  two  extremely  simple  Cystideans 
{ly-o^hovysiiles  and  EocysfiUs)  which  have  been  discovered  in 
the  primordial  zone  of  North  America. 

4.  AsTEROiDEA. — These  have  a  very  long  range  in  time,  ex- 
tending from  the  Lower  Silurian  period  up  to  the  present  day. 
In  the  Silurian  Rocks  the  genera  Palaaster,  Slenasier,  Palao- 
discus,  and  Petraster  are  among  the  more  important,  the  greater 
number  of  forms  being  Upper  Silurian.  The  next  period  in 
which  star-fishes  abound  is  the  Oolitic  (Mesozoic) ;  the  more 
important  genera  being  Uraster,  Luidia,  Astropecten,  Plumasier, 
and  Goniaster,  some  of  which  have  survived  to  the  present 
day.  Many  star-fishes  occur,  also,  in  the  Cretaceous  Rocks, 
the  genera  Oreaskr,  Goniodisms,  and  Astrogenmm  being  among 
the  more  noticeable.  In  the  Tertiary  Rocks  few  star-fishes 
are  known  to  occur,  but  Goniaster  and  Astropecten  are  repre- 
sented in  the  London  Clay  (Eocene). 

5.  Ophiuroidea.— The  "Brittle-stars  "  are  represented  in  the 
Silurian  Rocks  by  the  single  genus  Protaster.  In  the  Oolitic, 
Cretaceous,  and  Tertiary  Rocks  several  genera  of  Ophiuroidea 
are  known ;  some  being  extinct,  whilst  others  (such  as  Ophio- 
derma,  Ophiolepis,  and  Ophioeomd)  still  survive  at  the  present 
day. 

6.  EcHiNOiDEA. — This  order  is  represented  in  the  Paleozoic 
Rocks  by  a  single  aberrant  family;  but  it  is  numerously  repre- 
sented in  the  Mesozoic  and  Kainozoic  periods. 

For  the  Pakeozoic  Echinoidea  the  formation  .of  a  separate 
sub-order  has  been  proposed  by  Professor  M'Coy  under  the 
name  of  Perischoechinidm,  smce  they  differ  in  some  funda- 
mental points  from  all  the  other  known  members  of  the 
order.  The  test  is  composed  of  more  than  twenty  rows  of  calca- 
reous plates,  divided  into  five  ambulacral  and  five  inter-ambu- 
lacral  areas.  The  five  ambulacra  are  continuous  from  pole  to 
pole,  and  are  surmounted  dorsally  by  the  ocular  plates.  The 
five  inter-ambulacra  are   composed,  each,  of  three,  five,  or 
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more  rows  of  plates,  and  are  surmounted  dorsaily  by  the  ova- 
rian plates.  The  t^ro  genera  Archmocidaris  and  j'aligcMnits 
comprise  all  the  known  forms  of  the  family,  the  former  being 
entirely  confined  to  the  Carboniferous  Limestone,  whilst  the 
latter  occurs  also  in  the  Upper  Silurians. 

The  Secondary  and  Tertiary  EcktTioidea  resemble  those  now 
living  in  being  composed  of  not  more  than  twenty  rows  of 
calcareous  plates.  The  Oolitic  and  Cretaceous  Rocks  are 
especially  rich  in  forms  belonging  to  this  order,  many  genera 
being  peculiar;  but  the  number  of  forms  is  too  great  to  permit 
of  any  selection. 

7.  HoLOTHUROiDEA.  — This  order,  comprising,  as  it  does,  soft- 
bodied  animals,  can  hardly  be  said  to  be  known  as  occurring 
in  the  fossil  condition.  Some  calcareous  plates  and  spicules, 
supposed  to  belong  to  a  Holothurid,  have,  however,  been  de- 
scribed as  occmring  in  the  Secondary  Rocks,  and  the  shield 
of  Psolus  has  been  found  in  Post-tertiaiy  deposits  in  Bute. 


CHAPTER    XXIV. 

SCOLECIDA. 

Class  II.  Scot.ecida. — This  class  was  proposed  by  Professor 
Huxley  for  the  reception  of  the  remaining  members  of  the 
Annuloida,  comprising  the  .Xoft^era,  the  Turbellaria,  the  Trema- 
ioda,  the  Tmniada,  the  Nemaioidea,  the  Atanthocephala,  and  the 
Gordtacea.  Of  these  the  Rotifera  stand  alone,  whilst  the  Tur- 
bellaria, lyematoda,  and  Taniada  constitute  the  old  division  of 
the  Platyelmia  (Flat  Worms),  and  the  Nematotdm,  Aca*il/ith 
cephala,  and  Gordtacea  make  up  the  old  Nematelnda  (Round 
Worms  or  Thread-wonns).  For  some  purposes  these  old  divi- 
sions are  sufficiently  convenient  to  be  retained,  though  they 
are  of  little  scientific  value.  The  term  Entozoa  has  acquired 
such  a  general  currency  that  it  is  necessarily  employed  occa- 
sionally, but  it  has  been  used  in  such  widely  different  senses 
by  different  writers,  that  it  would  be  almost  better  to  discard 
it  altogether.  It  certainly  cannot  be  used  as  synonymous  with 
Scolecida,  many  of  these  not  being  parasitic  at  all.  It  will, 
therefore,  be  employed  here,  in  a  restricted  sense,  to  designate 
those  orders  of  the  Scolecida  which  are  internal  parasites, 
comprising  the  Trematoda,  Taniada,  Nanaioidea  (in  part), 
Acanthocephala,  and  Gordiacea.     The  Turbellaria  and  Rotifera, 
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with  a  section  of  the  Nematoidea,  lead  a  free  existence,  and  are 
not  parasitic  within  other  animals. 

The  Scolecida  are  defined  by  the  possession  of  a  "  water- 
vascular  system,"  consisting  of  a  "  remarkable  set  of  vessels 
which  communicate  with  the  exterior  by  one  or  more  aper- 
tures situated  upon  the  surface  of  the  body,  and  branch  out, 
more  or  less  extensively,  into  its  substance." — (Huxley.)  No 
proper  vascular  apparatus  is  present,  and  the  nervous  system 
(when  present)  "  consists  of  one  or  two  closely  approximated 
ganglia,"  The  habits  and  mode  of  life  of  the  different  mem- 
bers of  the  Scolecida  are  so  different,  that  no  other  character, 
save  the  above,  can  be  predicated  which  would  be  common  to 
the  entire  class,  and  would  not  be  shared  by  some  other  allied 
division. 

Division  I.  Platvelmia.— This  section  includes  those  Scok- 
cida  which  possess  a  more  or  less  flattened  body,  usually  some- 
what ovate  in  shape,  and  not  exhibiting  anything  like  distinct 
segmentation.  The  division  includes  two  parasitic  orders — 
the  Tmniada  and  the  Trematoda ;  and  one  non-parasitic  order 
— viz.,  the  Turbdlaria.  A  sub-order,  however,  of  this  last,  the 
Nemertida,  does  not  conform  to  the  above  definition ;  but 
their  other  characters  are  such  as  to  forbid  their  separation. 

Order  I.  T MViiKOk.  {Cestoided). — This  order  comprises  the 
internal  parasites,  called  Tape-worms  (Cestoid  worms),  and 
the  old  order  of  the  "  Cystic  worms  "  (Cystica) ;  the  latter 
being  now  known  to  be  merely  immature  forms  of  the  Tape- 
In  their  mature  condition,  the  Taniada  (see  fig.  48)  are 
always  found  inhabiting  the  alimentary  canal  of  some  warm- 
blooded vertebrate  animal ;  and  they  are  distinguished  by 
their  great  length,  and  by  being  composed  of  a  number  of 
flattened  joints  or  articulations.  These  joints  ai-e  not,  how- 
ever, an  example  of  true  segmentation,  nor  do  they  really 
constitute  the  Tape-worm ;  the  true  animal  being  found  in 
the  small,  rounded,  anterior  extremity,  the  so-called  "  head,"  or 
"  ntirse,"  whilst  the  joints  are  simply  hermaphrodite,  generative 
segments,  which  the  "  head  "  throws  off  by  a  process  of  gemma- 
tion. The  "  head  "  (fig.  48,  3),  which  constitutes  the  real  Tape- 
worm, is  a  minute,  rounded  body,  which  is  furnished  with  a 
circlet  of  hooks  or  suckers,  or  both,  whereby  the  parasite  is 
enabled  to  maintain  its  hold  upon  the  mucous  membrane  of 
the  intestines  of  its  host.  No  digestive  organs  of  any  kind  are 
present,  not  even  a  mouth  ;  and  the  nutrition  of  the  animal  is 
entirely  effected  by  imbibition.  The  nervous  system  consists 
of  two  small  ganglia,  which  send  filaments  backwards ;  but 
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there  is  considerable  obscurity  on  this  point,  and  it  has  been 
asserted  that  the  nervous  system  is  entirely  wanting,  or  that 
there  is  only  a  single  ganglion.  The  "water-vascular  system" 
consists  of  a  series  of  long  vessels  which  run  down  each  side  of 
the  body,  communicating  with  one  another  at  each  articula- 
tion by  means  of  a  transverse  vessel,  and  opening  in  the  last 
joint  into  a  contractile  vesicle.  It  thus  appears  that  all  the 
joints  are  organically  connected  together.  Whilst  the  "head" 
constitutes  the  real  animal,  it,  nevertheless,  contains  no  repro- 
ductive organs,  and  these  are  developed  in  the  joints  or 
segments  (fig,  48,  4),  which  are  produced  from  the  head 
posteriorly  by  budding.  After  the  tirst  joint,  each  new  seg- 
ment is  intercalated  between  the  head  and  the  segment,  or 
segments,  already  formed ;  so  that  the  joints  nearest  the  head 
are  those  latest  formed,  and  those  furthest  from  the  head  are 
the  most  mature.  Each  segment,  when  mature,  contains  both 
male  and  female  organs  of  generation,  and  is,  therefore, 
sexually  perfect.  To  such  a  single  segment  the  term  "  pro- 
glottis "  is  applied,  from  its  resemblance  in  shape  to  the  tip  of 
the  tongue.  The  ovary  is  a  branched  tube,  which  occupies 
the  greater  part  of  the  proglottis,  and  opens,  along  with  the 
etferent  duct  of  the  male  organ,  at  a  common  papilla,  which 
is  perforated  by  an  aperture,  termed  the  "generative  pore." 
TTie  position  of  this  pore  varies,  being  placed  in  the  centre  of 
one  of  the  lateral  margins  of  the  proglottis  in  the  common  Tape- 
worm {Tee7tia  solium),  but  being  situated  upon  the  Bat  surfece 
of  the  segment  in  tl  e  rarer  £  1/r'o  ep/talus  laius.  These  two 
elements — namely,  tl  e  m  nute  head,  with  its  hooklets  and 
suckers,  and  the  aggrei,ate  of  the  joints,  or  proglottides — 
together  compose  ^  hat  s  con  raonly  called  a  "Tape-worm," 
such  as  is  found  in  the  ■alimentary  canal  of  man,  and  of  many 
animals.  The  length  of  tl  s  o  posite  organism  varies  from 
a  few  inches  to  several  j  a  ds 

Singular  as  is  the  compo  to  of  the  mature  Tape-worm, 
still  more  extraord  nary  are  the  phenomena  observed  in  its 
development,  of  wh  ch  the  folio      „  is  a  brief  account : — ■ 

"  Proglottides,"  or  the  sex  allj  1  ature  segments  of  a  Tape- 
worm, are  only  produced  withm  the  alimentary  canal  of  man, 
or  of  some  other  warm-blooded  vertebrate.  The  development 
of  the  ova  which  are  contained  in  the  proglottides,  cannot, 
however,  be  carried  out  in. this  situation  ;  hence  the  compara- 
tive harmlessness  of  this  parasite,  and  hence  the  name  oi 
"  solitary  worm,"  which  is  sometimes  applied  to  it.  For  the 
production  of  an  embryo,  it  is  necessary  that  the  ovum  should 
be  swallowed  by  some  animal  other  than  the  one  inhabited  by 
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the  mature  Tape-worm.  If  this  does  not  take  i.kce,  the  fecun 
dated  ovum  is  absolutely  unable  to  develop  ilself.  To  secure 
this,  however,  the  dispersion  of  the  ova  is  provided  for  by  the 
expulsion  of  the  ripe  proglottides  from  the  bowel,  all  their 
contained  ova  having  been  previously  fertilised  After  their 
discharge  from  the  body,  the  p  tid      d      n  po  d  h 

ova  are  liberated  (fig.  48,  )  h  h  tx  u  d  b 
covered  by  a  capsule  which  p  o  h  m        n  d 

mechanical,  and  even  chem  g  n         wh    h  n  g      p 

injurious  to  them.      In  this  h      mb  n 

developed  mthin  the  ovum   h  h    d  b         c^ 

by  its  possession  of  three  p         o    sj  t  F 

further  development,  it  is  now  necessary  that  the  ovum  be 
swallowed  by  some  warm-blooded  vertebrate,  and  should  thus 
gain  access  to  its  alimentary  canal.  When  this  takes  place, 
the  protective  capsule  or  covering  of  the  microscopically  mi- 
nute ovum  is  ruptured,  either  mechanically  during  mastication, 
or  chemically  by  the  action  of  the  gasciic  juice;  and  the 
embryo  is  thus  liberated.  The  liberated  embryo  is  now  called 
a  "  proscolex,"  and  consists  of  a  minute  vesicle,  which  is  pro- 
vided with  three  pairs  of  siliceous  spines,  fitted  for  boring 
through  the  tissues  of  its  host.  Armed  with  these,  the  pro 
scolex  perforates  the  wall  of  the  stomach,  and  may  either 
penetrate  some  contiguous  organ,  or  may  gain  access  to  sonie 
blood-vessel,  and  be  conveyed  by  the  blood  to  some  part  of 
the  body,  the  liver  being  the  one  most  likely. 

Having  by  one  of  these  methods  reached  a  suitable  resting- 
place,  the  proscolex  now  proceeds  to  surround  itself  with  a 
cyst,  and  to  develop  a  vesicle,  containing  fluid,  from  its  pos- 
terior extremity,  when  it  is  called  a  "scolex"  (fig.  48,  2).  In 
some  of  the  T<eniada  the  scolices  are  called  "  hydatids,"  and 
it  is  these,  also,  which  constituted  the  old  order  of  the  "Cystic 
Worms."  When  thus  encysted  within  the  tissues  of  an  animal, 
the  "  scolex  "  consists  simply  of  a  trenioid  head,  with  a  circlet 
of  booklets  and  four  "oscula"  or  suckers,  united  by  a  con- 
tracted neck  to  a  vesicular  body.  It  contains  no  reproductive 
organs,  or,  indeed,  organs  of  any  kind,  and  cannot  attain  any 
further  stage  of  development,  unless  it  be  swallowed  and  be 
taken  for  the  second  time  into  the  alimentary  canal  of  a  warm- 
blooded vertebrate.  It  may  increase,  and  produce  fresh 
scolices,  but  tliis  takes  place  simply  by  a  process  of  gemma- 
tion. In  some  cases,  however,  a  very  partial  and  limited  de- 
velopment does  actually  take  place  in  the  scolex  prior  to  this 
change  of  abode,  but  this  is  an  exceptional  occurrence.  In 
these  cases  the  "neck"  of  the  scolex  becomes  parti, ,lly  seg- 
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mented,  so  that  it  comes  to  resemble  an  imperfectly  developed 
Tama,  and  is  called  a  "  strobila-etnbryo."  The  series  of 
changes,  however,  whereby  the  scolex  is  converted  into  the 
"  strobila,"  or  adult  tape-worm,  cannot  be  carried  out  unless 
the  scolex  gain  access  to  the  alimentary  canal  of  a  warm- 
blooded vertebrate.  In  this  case,  the  scolex  attaches  itself  to 
the  mucous  membrane  of  the  intestinal  tube  by  means  of  its 
cephalic  booklets  (when  these  are  present)  and  suckers.  The 
caudal  vesicle  now  drops  off,  and  the  scolex  is  thus  converted 
into  the  "head"  of  the  tapeworm.     Gemmation  then  com- 


mences  from  its  posterior  extremity,  the  first  segments  being 
immature.  As  the  first-formed  joints,  however,  are  pushed 
further  from  the  head  by  the  constant  intercalation  of  fresh 
articulations,  they  become  sexually  mature,  thus  constituting 
the  "  proglottides "  of  the  adult  Tape-worm  with  which  the 
cycle  began.  To  the  entire  organism,  with  its  "head"  and  its 
mature  and  immature  Joints  ("proglottides"),  the  term  "stro- 
bila" is  now  applied. 

In  the  development,  therefore,  of  the  Tape-worm  we  have 
to  remember  the  following  stages  ; — 

r.  T^e  ovum,  set  free  from  a  generative  Joint,  or  proglottis. 
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2.  The  proscokx,  or  the  minute  embryo  which  is  liberated 
from  the  ovum,  when  this  latter  has  been  swallowed  by  any 
warm-blooded  vertebrate. 

3.  The  scolex,  or  the  more  advanced,  but  still  sexually  im- 
perfect, embryo,  into  which  ihs  proscolex  develops,  when  it  has 
encysted  itself  within  the  tissues  of  its  host.  (Under  this  head 
come  the  so-called  "  Cystic  Worms.") 

4.  The  stroMla,  or  adult  Tape-worm,  into  which  the  Kolex 
develops  itself,  when  received  into  the  alimentary  cajial  of  a 
warm-blooded  vertebrate.  The  strobila  is  constituted  by  the 
"  head,"  and  by  a  number  of  immature  and  mature  generative 
segments  or  joints,  termed  the  "  proglottides." 

The  subject  will,  perhaps,  be  more  clearly  understood  by 
following  the  development  of  one  of  the  common  Tape-worms 
of  man — viz.,  the  Tania  solium.  Commencing  with  an  indivi- 
dual who  is  already  suffering  from  the  presence  of  this  para- 
site, one  of  the  most  distressing  symptoms  of  the  case  is  found 
to  be  the  escape  ot  the  joints  of  the  animal  from  the  bowel. 
These  joints  are  the  ripe  "  proglottides,"  containing  the  fecun- 
dated ova.  When  the  ova — which  are  microscopic  in  size — 
are  liberated  by  the  decomposition,  of  the  proglottis,  they  may 
gain  access  to  water,  or  be  blown  about  by  the  wind.  In 
many  ways,  it  is  easy  to  understand  how  one  of  them  may  be 
swallowed  by  a  pig.  When  this  occurs,  a  "  proscolex  "  is  libe- 
rated from  the  ovum,  and  bores  its  way  through  the  walls  of 
the  stomach,  to  become  a  "  scolex."  It  now  takes  up  its  abode, 
generally  in  the  muscles,  in  which  position  it  was  originally 
described  as  a  cystic  worm  under  the  name  of  Cystkercus  cellu- 
losm,  constituting  what  is  commonly  known  as  the  "  measles  " 
of  the  pig.  In  this  state  the  scolex  will  continue  for  an  in- 
definite period  ;  but  if  a  portion  of  "  measly  "  pork  be  eaten  by 
a  man,  then  the  scolex  will  develop  itself  into  a  tape-worm. 
The  scolex  fixes  itself  to  the  mucous  membrane  of  the  intes- 
tine, throws  off  its  caudal  vesicle,  and  commences  to  produce 
"  proglottides  "  instead,  becoming,  thus,  the  "  strobila  "  of  the 
Taenia  solium,  with  which  we  originally  started.  The  other 
common  tape-worm  of  man — viz.,  the  TtEnia  mediocanellata — is 
derived  iff  an  exactly  similar  manner  from  the  "  measles  "  of 
the  ox.  The  young,  however,  of  another  of  the  Tape-worms  of 
man  (viz.,  the  Bothriocephalic  lotus)  is  said  not  to  be  "  cj^tic." 
In  like  manner,  the  tape-worm  of  the  cat  (T^tiia  crassicollis) 
is  the  mature  form  of  the  cystic  worm  of  the  mouse  {Cysttcercus 
faseiolaris) ;  the  tape-worm  of  the  fox  {Tmnia  pisiformis)  is 
derived  fix)m  the  cystic  worms  of  hares  and  rabbits  ( Cyslicercus 
pisiformis)  ;  and  iJie  tape-worm  of  the  dog  (Tcenia  serraia)  is 
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the  developed  form  of  the  Canurus  cerehralis  of  the  sheep,  the 
cystic  wonn  which  causes  the  "  stagers  "  in  the  latter  animal. 
Besides  tape-worms,  however,  man  is  liable  to  be  affected 
with  "scolices,"  which  are  die  larvie  of  the  tape-worms  of  other 
animals.  Thus,  what  are  professionally  called  "  hydatids  "  in 
the  human  subject,  are  really  the  scolices  of  the  tape- worm  of 
the  dog.  The  disease  is  indicated  by  the  presence  of  the  so- 
caJled  "  hydatid-tumour,"  which  consists  of  a  strong  membran- 
ous cyst — the  "  hydatid  "  proper — situated  in  some  solid  organ, 
most  commonly  the  liver,  and  filled  with  a  watery  fluid.  To 
the  interior  of  the  cyst  are  attached  numerous  minute  scolices, 
many  others  also  floating  freely  in  the  contained  fluid.  These 
"  Echinococci,"  as  they  are  called,  do  not  differ  in  structure 
from  other  scolices,  consisting  of  a  head,  provided  with  four 
suckers  and  a  circlet  of  recurved  booklets,  a  vesicular  bod^, 
and  an  intermediate  contracted  portion  or  neck.  The  Echi- 
nococci multiply  within  the  hydatid  cyst  by  gemmation,  but 
they  develop  no  reproductive  organs.  If,  however,  an  Echi- 
nococcus  should  gain  access  to  the  alimentary  canal  of  a  dog, 
it  then  becomes  the  tape-worm  peculiar  to  that  animal— the 
Tania  ecMnococcus. 


CHAPTER  XXV. 

TREMATODA   AND  TURBELLARIA. 

Order  TaEMATODA-^This  order  includes  a  group  of  animals, 
which,  like  the  preceding,  are  parasitic,  and  are  comrnonly 
known  as  "  suctorial  worms,"  or  "  Flukes."  They  inhabit  vari- 
ous situations  in  different  animals — mostly  in  birds  and  fishes 
^and  they  are  usually  flattened  or  roundish  in  shape.  The 
body  is  provided  with  one  or  more  suctorial  pores  for  adhesion. 
An  intestinal  canal,  with  one  exception,  is  always  present,  but 
this  is  simply  hollowed  out  of  the  substance  of  the  body,  and 
does  not  He  in  a  free  space,  or  "  perivisceral  caviy."  The 
intestinal  canal  is  often  much  branched,  and  possesses  but  a 
single  external  opening,  which  serves  alike  as  an  oral  and  an 
and  aperture,  and  is  usually  placed  at  the  bottom  of  an  an- 
terior suctorial  disc.  The  sexes  are  united  in  the  same  indi- 
vidual. A  "  water- vascular  system  "  is  always  present,  and  is 
sometimes  "  divided  into  two  portions,  one  with  contractile  and 
non-ciliated  walls,  the  other  with  non-contractile  and  ciliated 
walls." — (Huxley. ) 
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The  Trematode  Worms  are  all  hermaphrodite,  and  they  pass 
through- a" series  of  changes  in  their  development  somewhat 
analogous  to  those  observed  in  the  Txniada.  This  subject, 
however,  is  still  involved  in  great  obscurity,  and  it  is  too  com- 
phcated-to  admit  of  description  in  thisplace;  ■  The  larva;  are 
often  tailed,  but  never  possess  cephalic  hooklets,  and  are  never 
"  cystic." 

From  the  absence  of  a  perivisceral  cavity,  the  Trematoda 
were  formed  by  Cuvier  into  a  separate  division  of  Entozoa,  un- 
der the  name  of  Vers  Iniestinaux  parenchymateux,  along  with 
the  Tisniada  and  AcanihocepJtala,  in  which  no  alimentary  canal 
is  present.  By  Owen,  for  the  same  reason,  they  are  included 
in  a  distmct  class,  under  the  name  of  Sterelmintka. 

The  Distoma  Aepaticum  (fig.  49)  maybe  taken  as  the  type  of 
the  Tremafoda.     It  is  the  common  "  Liver-fluke  "  of  the  sheep, 


and  inhabits  the  gall-bladder  or  biliary  ducts,  giving  rise  to  the 
disease  known  as  the  "rot."  In  form  it  is  ovate,  and  flattened 
on  its  two  sides,  and  it  presents  two  suctorial  discs,  the  ante- 
rior of  which  is  perforated  by  the  aperture  of  the  mouth,  whilst 
the  posterior  is  impervious.  Between  the  suckers  is  the 
"genital  pore,"  at  which  the  efferent  ducts  of  the  reproductive 
organs  open  on  the  exterior.  A  branched  water -vascular 
system  is  present,  and  opens  posteriorly  by  a  small  aperture. 
The  alimentary  canal  bifurcates  shortly  behind  the  mouth,  the 
two  divisions  thus  produced  giving  off  numerous  lateral  diver- 
ticula, and  terminating  posteriorly  in  blind  extremities.  The 
nervous  system  consists  of  a  ring  round  the  gullet,  giving  o!? 
filaments  both  forwards  and  backwards.  The  larvEe  of  Distoma 
are  tailed  or  "  cercariform,"  aitd  arc  found  in  the  interior  of 
fresh-water  snails. 
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In  Distoma  lanceohtum  (fig.  49,  2)  the  intestine  has  not  the 
ramose,  complex  character  of  that  of  D.  hepaticum.  On  the 
other  hand,  the  ahmentary  canal,  after  its  bifurcation,  is  con- 
tinued on  each  side  of  the  body  to  the  posterior  extremity 
without  giving  oif  any  branches  on  the  way,  and  it  terminates 
simply  in  biind  extremities. 

I3iplostomum,  in  its  essential  characters,  does  not  differ 
much  from  Distoma;  but  it  is  found  living  gregariously  in  the 
vitreous  humour  and  lens  of  the  eyes  of  certain  fresh-water 
fishes,  such  as  the  common  Perch. 

Other  members  of  the  order  infest  the  intestmes  of  birds  and 
Batrachians,  the  gills  of  fishes,  or  the  paunch  of  Ruminants. 

Order  Turbellaria.  —  The  members  of  this  order  are 
almost  all  aquatic,  and  are  all  non-parasitic;  thus  differing 
entirely  from  the  animals  which  compose  the  two  preceding 
orders.  Their  external  surface  is  always  and  permanently  cili- 
ated, and  they  never  possess  either  suctorial  discs  or  a  circlet 
of  cephalic  booklets.  A  "water-vascular  system"  is  always 
present,  opening  externaJly  by  one  or  more  apertures,  or  ap- 
pearing to  be  entirely  closed  in  the  adult  (Nemertidd).  As  in 
the  Trematoda,  the  aJimentary  canal  is  imbedded  in  the  paren- 
chyma of  the  body,  and,  except  in  the  Nemeriida,  there  is 
no  "  perivisceral  cavity."  The  intestine  is  either  straight  or 
branched,  and  a  distinct  anal  aperture  may,  or  may  not,  be 
present  The  nervous  system  consists  of  ganglia  situated  in 
the  fore-part  of  the  body,  united  to  one  another  by  transverse 
cords,  and  sending  filaments  backwards. 

The  Turbellaria  are  divided  into  two  s.ections,  termed  re- 
spectively the  Planarida  and  the  Nemertida. 

Sub-order  I,  Planarida. — The  Planarians  (fig.  50)  are 
mostly  ovoid  or  elliptical  in  shape,  flattened,  and  soft-bodied. 
They  are  for  the  most  part  aquatic  in  their  habits,  occurring 
in  fresh  water,  or  on  the  sea-shore,  but  occasionally  found  in 
moist  earth.  The  integument  is  abundantly  provided  with 
vibratile  cilia,  which  subserve  locomotion,  and  it  also  contains 
numerous  cells  which  have  been  compared  to  the  "  cnidie,"  or 
nettle-cells,  of  the  Ccelmterata.  There  is  always  a  considerable 
portion  of  the  body  situated  in  front  of  the  mouth,  constituting 
the  so-calkd  "  prse-oral  region,"  or  "  prostomium  " ;  and  this  is 
often  modified  into  a  singular  protrusible  and  retractile  organ, 
called  the  "  proboscis,"  the  exact  use  of  which  is  not  known. 
The  mouth  opens  into  a  muscular  pharynx,  which  is  often  evert- 
ible;  and  the  intestine  may  be  either  straight  or  branched, 
but  always  terminates  cKcally  behind,  and  is  never  provided 
with  an  anal  aperture.     The  "water-vascular  system"  commu- 
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nicates  with  the  exterior  by  two  or  more  contractile  apertures. 
The  nervous  system  consists  of  two  gangha,  situated  in  front 
of  the  mouth,  united  by  a  commissure,  and  giving  off  filaments 
in  various  directions.  Pigment-spots,  or  rudimentary  eyes, 
from  two  to  sixteen  in  number,  are  often  present,  and  are  al- 
ways placed  in  the  prfe-oral  region  of  the  body.  The  male  and 
female  organs  are  united  in  the  same  individual,  and  the  pro- 
cess of  reproduction  may  be  either  sexual,  by  means  of  true 
ova,  or  non-sexual,  by  internal  gemmation  or  transverse  fission. 


The  Planarians  have  been  divided  into  two  sections,  as 
follows : — 

Section  A.  Rhabdoccel A. —Intestine  straight,  not  branched. 
Body  elongated,  rounded,  or  oval. 

Section  B.  Dendroccela.- — Intestine  branched  or  arborescent. 
Body  flat  and  broad. 

Sub-order  II.  Nemertida.^ — The  Nemertida,  or  "  Ribbon- 
worms,"  agree  in  most  essential  respects  with  the  Plattarida. 
They  are  distinguished,  however,  by  their  elongated,  vermi- 
form shape,  by  the  presence  of  a  distinct  anus,  by  the  posses- 
sion of  a  distinct  perivisceral  cavity,  by  the  absence  of  an 
external  aperture  to  the  water-vascular  system  of  the  adult, 
and  by  the  fact  that  the  sexes,  with  one  or  two  exceptions,  are 
distinct.  The  Nemertida  further  differ  from  the  other  Platysl- 
mia  in  possessing  a  pseudohsemal  system  in  addition  to,  and 
distinct  from,  the  water-vascular  system. 

Reproduction  takes  place  by  the  formation  of  true  ova,  by 
internal  gemmation,  or  by  transverse  fission.  In  Nentertes, 
however,  the  e^'i;  gi^'cs  rise  to  a  larva,  from  which  the  adult  is 
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developed  in  a  manner  closely  analogous  to  that  described  as 
characteristic  of  the  Echinodermaia.  The  larval  form  of  Ne- 
mertes  was  described  by  Johannes  Miiller,  under  the  name  of 
Pilidium  (fig.  50,  4).  .It  is  "a  snaall  hemet-shaped  larva,  with 
a  long  flagellum  attached  like  a  plumelto  the  summit  of  the 
helnaet,  the  edges  and  side-lobes  of  which  are  richly  ciliated. 
A  simple  alimentary  canal  opens  upon  the  under  surface  of 
the  body  between  the  lobes.  In  this  condition  the  larva 
swims  about  freely ;  but,  after  a  while,  a  mass  of  formative 
matter  appears  on  one  side  of  the  alimentary  canal,  and,  elon- 
gating gradually,  takes  on  a  worm-like  figure.  Eventually  it 
grows  round  the  alimentary  canal,  and,  appropriating  it,  de- 
taches itself  from  the  Pilidtunt  as  a  Nemertid— provided  with 
the  characteiistic  proboscis,  and  the  other  organs  of  that  group 
of  Turbellaria." — (Huxley.) 


CHAPTER  XXVI. 

NEMATELMIA. 

I,   ACANTHOCEPHALA.       2,    GORDIACEA.      3.    NeMATODA. 

Division  II,  Nematelmia. — This  section  may  be  considered 
as  comprising  those  Scolecids  in  which  the  body  has  an  elon- 
gated and  cylindrical  shape.  Strictly  speaking,  it  should 
include  the  Nemertida,  but  the  division  is  not  founded  upon 
anatomical  characters,  and  is  employed  here  simply  for  con- 
venience. Most  of  the  Nematelmia  possess  an  annulated  in- 
tegument ;  but  there  is  no  true  segmentation,  and  there  are 
rarely  any  locomotive  appendages  attached  to  the  body.  The 
majority  are  unisexual,  and  parasitic  during  the  whole  or 
a  part  of  their  existence.  Three  orders  are  comprised  in 
this  division — viz.,  the  Acanihouphaia,  the  Gordiacea,  and  the 
Nematoda. 

Order  I.  Acanthocephala. — The  Acanthocephala  are  en- 
tirely parasitic,  vermiform  in  shape,  and  devoid  of  any  mouth 
or  alimentary  canal.  They  are  provided  with  a  kind  of  snout 
or  proboscis  armed  with  recurved  hooks,  which  is  continued 
backwards  into  a  bandlike  structure  {iigamenlum  sitspensoriuni), 
to  which  the  reproductive  organs  are  attached.  "  Immediately 
beneath  the  integument  lies  a  series  of  reticulated  canais  con- 
taining a  clear  fluid,  and  it  is  difficult  to  see  with  what  these 
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can  correspond  if  not  with  sorac  modification  of  the  water- 
vascular  system." — (Huxley.)  This  system  of  water-vasculai 
canals,  however,  does  not  communicate,  so  far  as  is  known, 
in  any  way  with  the  exterior.  At  the  base  of  the  proboscis 
is  placed  a  single  nervous  ganglion,  which  gives  off  radiating 
filaments  in  all  directions. 

Besides  the  presence  of  a  water- vascular  system  and  the 
absence  of  any  alimentary  canal,  another  point  of  affinity 
between  the  Acanthocephala  and  the  Taniada  has  recently 
been  established  by  the  discovery  that  the  adult  worm  is 
developed  within  a  hooked  embryo,  from  which  it  is  se- 
condarily produced. 

The  "Thorn-headed  worms"  include  some  of  the  most 
formidable  parasites  with  which  we  are  acquainted.  The 
Echimrhynchiis  (fig.  51)  is  found  in  the  intestinal  canal  of 
many  vertebrate  animals,  especially  of  birds  and  fishes. 

Order  II.  Gordiacea. — The  Gordiacca, 
or  "  Hair-worms,"  are  thread-like  parasites, 
which  in  the  earlier  stages  of  their  existence 
inhabit  the  bodies  of  various  insects,  chiefly 
of  beetles  and  grasshoppers.  They  possess 
a  mouth  and  alimentary  canal,  but  Uiey  are 
not  provided  with  a  distinct  anal  aperture. 
In  Gordius  itself  the  gullet  is  said  to  open 
directly  into  the  body-cavity ;  but  it  is  more 
probable  that  this  is  an  error,  and  that 
there  is  a  complete  intestine  opening  pos- 
teriorly into  a  cloaca.  The  sexes  are  dis- 
tinct, and  they  leave  the  bodies  of  the  in- 
sects which  they  infest  in  order  to  breed ; 
subsequently  depositing  their  ova  in  long 
chains,  either  in  water  or  in  some  moist 
situation.  At  the  time  of  its  migration  the 
mouth  of  the  adult  Gordius  appears  to  be 
obliterated,  and  the  anterior  portion  of  the 
alimentary  canal  becomes  atrophied. 
In  form  the  Gordiacea  are  singularly  like  hairs,  and  they 
often  attain  a  length  many  times  greater  than  that  of  the  insect 
which  harbours  them. 

Order  III.  Nematoda  (or  Nemaloideaj.—'Ihc  Nematoda— 
" Thread- worms "  or  "  Round-worms"^ are  of  an  elongated 
and  cylindrical  shape ;  and  are  often,  though  by  no  means 
always,  parasitic  in  the  interior  of  other  animals.  They  possess 
a  distinct  mouth  and  an  alimentary  canal  which  is  freely  sus- 
pended in  an  abdominal  cavity,  and  terminates  posteriorly  in  a 
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distinct  anus.  They  also  possess  a  system  of  canals,  in  some 
cases  contractile,  which  open  externally  near  the  anterior  part 
of  the  body,  on  the  ventral  surface,  or  by  lateral  pores,  and  are 
probably  homologous  with  the  water-vascular  system  of  the 
Taniada  and  Trematoda,  The  sexes  are  distinct,  and  the 
males  are  usually  less  frequently  met  with,  and  of  smaller 
size,  than  the  females.  '  The  nervous  system  is  mostly  well 
developed,  and  is  in  the  form  of  a  ganglionic  ring,  surround- 
ing the  cesophagus,  and  sending  filaments  backwards. 

As  before  said,  most  of  the  Nemaioda  are  internal  parasites, 
inhabiting  the  alimentary  canal,  the  pulmonary  lubes,  or  the 
areolar  tissue,  in  man  and  in  many  other  vertebrate  animals  ; 
but  a  large  section  of  the  Order  are  of  a  permanently  friie  habit 
of  existence. 

The  most  familiar  examples  of  the 
parasitic  Nemateda  are  the  Ascaris 
lumbricoides,  the  little  Oxyuris,  the 
Trichina,  and  the  Guinea-worm 

The  Ascaris  lumbricoides,  or  com 
mon  Round-worm,  inhabits  the  mtcs 
tine  of  man,  often  attaining  ■\  length 
of  several  inches.  The  o^a  ire  fro 
bably  expelled  with  the  faces,  and 
the  embryo  is  developed  withm  the 
ovum  prior  to  its  rupture  When 
fully  formed,  the  embryo  is  about 
one-hundredth  of  an  inch  ni  length, 
and  its  development  is  not  exactly 
known,  though  it  appears  to  be  di 
reedy  transferred  from  river  or  pond 
water  to  the  alimentary  canal  of  some 
vertebrate  animal. 

The  Oxyuris  vermicular^,  or 
"Small  Thread  -  worm,"  is  a  gre 
garious  worm,  which  inhabits  the 
rectum,  especially  of  children.  It 
is  the  smallest  of  the  intestinal 
worms  of  man,  its  average  length 
not  being  more  than  a  quarter  of 
an  inch,  but  the  females  are  much 
bigger  than  the  males. 

The  Trichina  spiralis  is  a  singular 
Nematoid,  which  gives  rise  to  a  pain- 
ful and  very  generally  fatal  train  of  symptoms,  somewhat  re- 
sembling rheumatic  fever,  and  known  as  Trichiniasis.     The 
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Trichma  is  known  in  two  different  conditions  sexually  imma 
ture  or  mature.  In  its  sexually  immiture  condition  it  inhabits 
the  muscles,  usually  of  the  pi?  m  vast  numbers  eich  iiomi 
being  coiled  up  in  a  little  capsule  or  cjst  In  this  condition 
the  worm  is  incapable  of  further  development  and  may  re 
main,  apparently  for  an  indehnite  penod  without  Lhange 
and  without  seeming  to  produce  any  miurious  resulls  to  the 
animal  affected.  If,  however  a  portion  of  trichinatous  muscle 
be  eaten  by  a  warm-blooded  vertebrate,  and  so  introduced  into 
the  alimentary  canal,  an  immediate  development  of  young 
Trichinm  is.  the  result.  The  immature  worms  escape  from 
their  enveloping  cysts,  grow  larger,  develop  sexual  organs, 
and  give  birth  to  numerous  progeny,  which  they  produce 
viviparously.  The  young  TricJdnm  thus  produced  perforate 
the  walls  of  the  alimentary  canal,  and,  after  working  their 
way  amongst  the  muscles,  become  encysted.  If  the  animal 
in  which  these  changes  go  on  has  sufficient  vitality  to  bear 
up  under  the  severe  symptoms  which  are  produced  by  the 
migration  of  the  Trichina,  he  is  now  safe ;  since  they  can- 
not become  sexually  mature,  or  develop  themselves  further, 
until  again  transferred  to  the  alimentary  canal  of  some  other 
animal. 

The  Guinea-worm  {Dracunculus  or  FUaria  medinemis)  is 
a  Nematode  worm,  which  inhabits,  during  one  stage  of  its 
existence,  the  cellular  tissue  of  the  human  body,  generally 
attacking  the  legs,  and  often  attaining  a  length  of  several  feet. 
All  known  specimens  of  this  parasite  are  impregnated  females, 
containing  a  large  number  of  young.  The  wormi  remains  im- 
bedded in  the  body,  in  a  more  or  less  quiescent  condition,  for 
a  year  or  more,  at  the  end  of  which  time  it  seeks  the  surface, 
in  order  to  get  rid  of  its  young.  No  external  aperture  to  the 
genital  organs  has  hitherto  been  proved  to  exist,  and  it  seems 
possible  that  the  young  are  produced  within  the  body  of  the 
parent  by  a  process  of  internal  gemmation.  The  young  ^(/ur/ij 
consists  of  a  vermiform  body,  terminating  in  a  hair-like  tail ; 
apd  when  set  free  from  the  parent,  its  further  development 
probably  takes  place  in  water,  when  it  is  believed  to  be  con- 
verted into  one  of  the  "Tank-worms"  so  common  in  India.  In 
this  condition  it  is  possible,  as  some  believe,  that  sexual  organs 
are  developed,  and  that  the  females  are  impregnated.  TJie 
worm  is  believed  to  gain  access  to  the  body  of  bathers,  when 
still  extremely  minute.  According  to  Dr  Bastian,  however,  it 
appears  probable  that  the  Guinea-worm  "  is  a  parasite  only 
accidentally,  and  that  it  and  its  parents  were  originally  free 
Nematoids." 
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The  second  section  of  the  Nematoda  coniprises  worms,  which 
are  not  at  any  time  parasitic,  but  which  are  permanently  free- 
These  "  free  Nematoids  "  (fig.  52)  constitute  the  family  of  the 
Anguillulidce,  of  which  about  two  hundred  species  have  been 
aheady  described,  mostly  inhabiting  fresh  water  or  the  shores 
of  the  sea.  They  resemble  the  parasitic  Nematoids  in  all  the 
essential  features  of  their  anatomy,  but  they  differ  in  often 
possessing  pigment-spots,  or  rudimentary  eyes,  in  being  mostly 
provided  wiUi  a  terminal  sucker,  and  in  bringing  forth  com- 
paratively few  ova  at  a  time ;  the  dangers  to  which  the  young 
are  exposed  being  much  less  than  in  the  parasitic  forms. 
Amongst  the  more  familiar  Nematoids  are  the  Vinegar  Eel 
{AnguUlula  acdU  fig-  52,  A)  and  the  Tylmchus  (or  Vibrio) 
tritici,  which  produces  a  sort  of  excrescence  or  gall  upon 
the  ear  of  wheat,  causing  the  disease  known  to  farmers  as 
the  "  Purples,"  or  "  Ear  Cockle." 

The  parasitic  and  free  Nematoids  are  connected  together  by 
an  Ascaris  (A.  nigrovmosa),  which  in  succeeding  generations  is 
alternately  free  and  parasitic.  This  Ascaris  has  long  been 
known  as  inhabiting  the  lungs  of  the  frc^,  but  it  has  been 
shown  by  Mecznikow  that  "the  young  of  this  animal  become 
real,  free  Nematoids;  for,  after  passing  from  the  intestine  of 
the  frog  into  damp  earth  or  mud,  they  grow  rapidly,  and 
actually  develop  in  the  course  of  a  few  days,  whilst  still  in  this 
external  medium,  into  sexually  mature  animals.  Young,  differ- 
ing somewhat  in  external  characters  from  their  parents,  are 
soon  produced  by  them,  and  these  attain  merely  a  certain 
stage  of  development  whilst  in  the  moist  earth,  arriving  at 
sexual  maturity  only  after  they  have  become  parasites,  and  are 
ensconced  in  the  lung  of  the  frog." — (Bastian.)  This  extiaor- 
dinary  history  is  rendered  still  more  remarkable,  if  it  should 
be  proved  that  the  young  of  the  parasitic  forms  of  this  Ascaris 
are  produced  by  a  process  of  parthenogenesis ;  and  this  seems 
to  be  highly  probable,  since  none  of  the  individuals  which  are 
found  as  parasites  are  males,  but  are  universally  fcrnales. 


CHAPTER    XXVII. 


Sub-class  Rotifera  (Rotatoria). — The  Rotifora,  or  "  Wheel- 
animalcules,"  constitute  a  very  natural  group,  the  exact  position 
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of  which  has  been  a  good  deal  disputed,  and  is  still  doubtful, 
I'hey  are  looked  upon  here  as  a  distinct  division  of  the  Scoie- 
cida,  following  Huxley  j  but  they  are  very  frequently  placed 
with  the  Annelida  amongst  the  lower  division  of  the  Annuksa 
{Anarthropodd). 

The  Motif  era  are  Annuloida  of  a  minute  size,  neTter  parasitic, 
inhabiting  water,  and  usually  provided  with  an  anterior  eiliated 
disc,  capable  of  inversion  and  eversion.  In  the  females  there  is 
a  distinct  mouth,  intestinal  canal,  and  anus.  A  nervous  system 
is  also  present,  consisting  of  ganglia,  situated  near  the  anterior 
extremity  of  the  body,  and  sending  filaments  backwards,  A  water- 
vascular  system  is  also  present. 

Most  of  the  Rottfera  are  entirely  invisible  to  the  naked 
eye,  and  they  are  all  ■  extremely  minute,  none  of  them  attain- 
ing a  greater  length  than  i-36th  of  an  inch.  Nevertheless, 
as  remarked  by  Mr  Gosse,  "so  elegant  are  their  outhnes, 
so  brilliantly  translucent  their  texture,  so  complex  and  yet  so 
patent  their  organisation,  so  curious  their  locomotive  wheels,  so 
unique  their  apparatus  for  mastication,  so  gracefiil,  so  vigorous, 
so  fleet,  and  so  marked  with  apparent  intelligence  their  move- 
ments, so  various  their  forms  and  types  of  structure,"  that  they 
form  one  of  the  most  interesting  departments  of  zoological  and 
microscopical  study.  They  are  all  aquatic  in  their  habits,  and 
in  the  great  majority  of  cases  are  free-swimming  animals,  some, 
however,  being  permanently  fixed,  as  is  the  case  with  Stephano- 
ceros,  Melicerta  (fig.  53,  B),  and  Floscularia.  They  are  usually 
simple,  but  are  occasionally  composite  forming  colonies  as  in 
Megalotroch        As  hm  dfm       R    fer    AS 
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The  disc,  which  carries  the  cilia,  is  capable  of  eversion  and 
inversion,  and  may  be  circular,  reniform,  bilobed,  four-lobed, 
or  divided  into  several  lobes.  It  serves  the  purpose  of  loco- 
motion in  the  free-swimming  forms,  acting  somewhat  like  the 
propeller  of  a  screw-steamer,  and  in  all  it  serves  to  produce 
currents  in  the  water,  which  convey  the  food  to  the  mouth. 

In  Cliatonotus,  and  one  or  two  other  forms,  there  is  no  true 
wheel-organ,  capable  of  protrusion  and  retracfion,  but  the  cilia 
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are  variously  disposed  over  the  surface  of  the  body.  The 
Chatonoti  or  Hairy-backed  Animalcules  have  no  jaws,  and  have 
the  ventral  surface  of  the  body  clothed  with  cilia.  They  have 
usually  been  placed  in.the  Turbellaria,\i\A  there  seem  to  be 
good  reasons  for  regarding  them  as  an  aberrant  group  of  Rota- 

The  proximal  extremity  of  the  body  in  the  free  forms  ter- 
minates in  a  caudal  process,  or  "  foot,"  sometimes  telescopic, 
which  ends  in  a  suctorial  disc,  or  in  a  pair  of  diverging  "  toes," 
which  act  as  a  pair  of  forceps  (fig.  53,  a). 


e  Cbata ;  /^Contraclils  bladder ;  eg  fe«piraIory  or  maler-vasciilar  lubes ;  A  Nervt 
Eanglion  giving  filameql  lo  cUiattS  pil  (k);  a  Ovary.     B  Milicerla  ririgrm.     (After 


The  mouth  usually  opens  into  a  pharynx,  or  "  buccal  funnel," 
which  is  generally  provided  with  a  muscular  coat,  constituting 
the  "  raastax  "  or  "  pharyngeal  bulb,"  and  which  generally  con- 
tains a  very  complicated  masticatory  apparatus.*  The  parts 
of  this  apparatus  are  homy,  and  are  believed  by  Mr  Gosse 
to  be  homologous  with  the  parts  of  tlie  mouth  in  Insects. 
In  the  females  of  almost  all  known  species  of  Rotifera  the 
intestinal  canal  is   a  more   or  less  simple  tube,    extending 

*  The  lower  jaws,  or  "incus,"  consist  of  a  fixed  portion,  tie  "fulcrum," 
to  which  are  attached  two  movable  blades — the  "rami."  The  upper  jaws, 
or  "  mallei,"  consist  each  of  a  handle,  or  "  manubrium,''  to  which  is  hinged 
a  toothed  blade,  or  ' '  uncus." 
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through  a  well-developed  perivisceral  cavity,  and  terminat- 
ing posteriorly  in  a  dilatation,  or  "  cloaca,"  which  forms  the 
common  outlet  for  the  digestive,  generative,  and  water- vascular 
systems. 

In  both  sexes  there  is  a  well-developed  water-vascular  sys- 
tem, usually  consisting  of  the  following  parts  : — In  the  hinder 
part  of  the  body,  close  to  the  cloaca,  and  opening  into  it,  is  a 
sac  or  vesicle,  which  is  termed  the  "  contractile  bladder,"  and 
exhibits  rhythmical  contractions  and  dilatations.  From  the 
contractile  bladder  proceed  two  tubes — "  the  respiratory  tubes  '" 
— which  pass  forwards  along  the  sides  of  the  body,  and  ter- 
minate anteriorly  in  a  manner  not  quite  ascertained.  Attached 
to  the  sides  of  the  respiratory  tubes,  in  all  the  laiger  Rotifera, 
is  a  series  of  ovate  or  pyriform  vesicles,  each  of  which  is  fur- 
nished internally  with  a  single  central  cilium,  wliich  is  fixed  to 
the  free  end  of  the  vesicle.  It  is  asserted,  however,  that  these 
ciliated  vesicles  communicate  internally  with  the  perivisceral 
cavity  with  its  contained  corpusculated  fluid.  The  exact  fiinc- 
tion  of  this  water-vascular  system  is  not  known,  but  it  is  most 
probably  respiratory  and  excretorj-.  Dr  Leydig  believes  that 
water  enters  the  perivisceral  cavity  by  endosmose,  where  it 
mingles  with  the  absorbed  products  of  digestion,  to  fonii  the 
so-called  "  chylaqueous  fluid  "  ;  and  that .  the  effete  fluid  is 
excreted  by  the  respiratory  tubes,  and  ultimately  discharged 
into  the  cloaca  by  the  contractile  bladder.  Taking  this  view 
of  the  subject,  Mr  Gosse  believes  that  "the  respiratory  tubes 
represent  the  kidneys,  and  that  the  bladder  is  a  true  urinary 
bladder  " ;  and  consequently  tliat  "  the  respiratory  and  urinary 
functions  are  in  the  closest  relation  with  one  another."  This 
observer,  further,  finds  a  decided  analogy  between  the  above 
system  in  the  R^Hfera  and  the  long  and  tortuous  renal  tubes 
of  the  Insecta,  to  which  class  he  believes  the  Roiifcra  to  bo 
most  nearly  allied.  No  central  organ  of  the  circulation  or 
heart  and  no  organs  of  respiration  are  present,  but  the  perivis- 
ceral cavity  is  filled  with  a  corpusculated  fluid. 

The  nervous  system  of  the  Rottfera  constitutes  a  bilobate 
cerebral  mass,  "which  for  its  proportionate  volume  may  com- 
pare with  the  brain  of  the  highest  vertebrates."  It  is  placed 
anteriorly,  and  usually  on  the  dorsa!  aspect  of  the  body,  and 
the  eye — -in  the  shape  of  a  red  pigment  Kpot  or  spots  — 
is  invariably  situated  like  a  wart  upon  it.  Other  sense- 
oigans,  probably  tactile,  are  often  present  in  the  form  of 
two  knobs  surmounted  by  tufts  or  bristles,  placed  at  the  back 
of  the  head.  The  ovaries  constitute  conspicuous  organs  in 
the  female  Rotifera,  but  in  summer  the  young  Rotifers  appeal 
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to  be  produced  by  the  females  without  having  access  to  the 

The  muscular  system  of  the  Rotifera  is  well  developed,  con- 
sisting of  bands  which  produce  the  various  movements  of  the 
body  and  foot,  whilst  others  act  upon  the  various  viscera,  and 
others  effect  the  movements  of  the  jaws. 

The  typical  group  of  the  Rotifera  is  that  oi  th^  Nbtomtnatina 
{Hydatinea  of  Ehrenberg).  In  this  group  the  animals  are  all 
permanently  free,  and  are  never  combined  into  colonies,  while 
the  integument  is  flexible,  and  the  body  is  never  encased  in  a 
tube. 

Stephanoceros  and  Floscularia,  on  the  other  hand,  arc  fixed, 
and  are  enclosed  in  a  gelatinous  tube  which  is  secreted  by  the 
animal.  Melicerta  (fig.  53,  B)  inhabits  a  tubular  case,  which 
the  animal  forms  for  itself  by  means  of  a  special  oigan  for  the 
purpose ;  whilst  Polyarthra  and  Triarthra  are  protected  by  a 
stiff  shell,  or  "lorica." 

In  Triarthra  there  are  tiveive  ensiform  fins,  jointed  to  the 
body  by  distinct  shelly  tubercles,  and  moved  by  powerful 
muscles.  These  natatory  organs  are  considered  by  Mr  Gosse 
to  be  homologous  with  the  articulated  limbs  of  the  Arthro- 
poda. 

In  Asplanchna,  whilst  the  masticatory  organs,  gullet,  and 
stomach  are  well  developed,  there  is  no  intestine,  the  stomach 
"  hanging  like  a  glote  in  the  centre  of  the  body-cavity,"  but  not 
communicating  with  the  body-cavity. 

Affinities  of  Rotifera.— In  their  external  appearance  the 
Rotifera  approximate  closely  to  the  Infusoria,  but  the  organisa- 
tion of  the  fornier  presents  a  very  striking  advance  when  com- 
pared with  that  of  the  latter.  Thus,  in  the  Infusoria  there  is 
no  differentiated  body-cavity,  bounded  by  distinct  walls,  and 
the  alimentary  canal  is  imperfect,  the  digestive  sac  simply 
opening  inferiorly  into  the  diffluent  sarcode  of  the  centre  of 
the  body.  Further,  there  are  no  traces  of  a  nervous  system, 
and  the  contractile  vesicles,  if  looked  upon  as  representing  the 
water -vascular  system,  are  a  very  rudimentary  form  of  this 
apparatus.  In  the  Rotifera,  on  the  other  hand,  the  alimentary 
canal  forms  a  complete  tube,  having  an  oral  and  an  anal  aper- 
ture, and  not  communicating  with  the  surrounding  perivisceral 
cavity ;  and  there  is  a  well-developed  nervous  system,  and  a 
highly  complex  water-vascular  system,  A  real  affinity  is  found 
to  subsist,  however,  between  the  Rotifera  and  the  Planarida ; 
both  possessing  external  cilia,  a  nervous  system,  and  a  well- 
developed  water-vascular  apparatus,  the  chann:ters  of  which  are 
not  dissimilar  in  the  two   groups.     In   the   Planarida,  how- 
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ever,  the  sexes  are  united  in  the  same  individual,  and  there  is 
no  anal  aperture ;  whereas  in  the  Roiifera  the  sexes  aie  dis- 
tinct, and  there  is  a  distinct  anus.  To  the  true  Arthropoda,  as 
already  pointed  out,  the  Rotifera  shows  some  points  of  affinity, 
but  these  are  hardly  sufficiently  numerous  or  decided  to  war- 
rant the  removal  of  the  group  from  the  AnmUoida  to  the 
Annuloia. 
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CHAPTER   XXVIII. 

ANNULOSA. 

t.  Genekal  Characters  of  Annulosa.  2.  General 
Characters  of  Awarthropoda.  3.  Class  Gephyrea. 
4.  General  Characters  of  the  Class  Annelida. 

Sub-kingdom  Annulosa. — The  members  of  this  sub-kingdom 
are  distinguished  by  the  possession  of  a  body  which  is  composed 
of  numerous  segments,  or  "somites,"  arranged  alang  a  longitudinal 
axis.  A  nervous  system  is  always  present,  and  consists  of  a  double 
chain  of  ganglia,  running  along  the  ventral  surface  of  the  body, 
and  traversed  anteriorly  by  the  tssophagus  (fig.  54).  The  limbs 
(johen  preset)  are  turned  towards  the  neural  aspect  of  the  body. 

The  sub-kingdom  Annulosa  may  be  divided  into  two  primary 
divisions,  according  as  the  body  is  provided  with  articulated 
appendages,  or  not ;  thess  divisions  being  termed  respectively 


the  Arthropoda  and  Anarthropoda.  The  first  of  these  com- 
prises Crustaceans,  Spiders,  Scorpions,  Centipedes,  and  Insects; 
whilst  the  latter  includes  the  Spoon-worms,  Leeches,  Earth- 
worms, Tube-worms,  and  Sand-womis. 

Division  I.  Anarthropoda. — In  this  division  of  the  Annu- 
losa the  locomotive  tppenda^s  are  never  distinctly  jointed  or  arti- 
culated to  the  body.  In  this  division  are  included  three  classes, 
viz. : — the  Gephyrea,  the  Annelida,  and  the  Chatognatha. 

Class  I.  Gephyrea  ( =  Sipunculoidca). — This  class  includes 
certain  worm-like  animals  in  which  the  body  is  sometimes  ob- 
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viously  annulated,  sometimes  not ;  but  there  are  no  ambulacral 
tubes  nor  fo  1 1  be  c!  s    th     gh  there  are  sometimes  bristles 
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contractile  coat.  The  anterior  portion  of  the  body  forms  a 
retractile  trunk  or  proboscis,  at  the  extremity  of  which  js  the 
mouth  surrounded  by  a  circlet  of  simple  tentacles.  The  ali- 
mentary canal  is  proportionately  of  great  length,  and  is  much 
convoluted.  Upon  reaching  the  posterior  extremity  of  the 
body  it  is  reflected  forwards,  and  it  terminates  in  a  distinct 
anus,  which  is  placed  anteriorly  near  the  junction  of  the  body 
with  the  proboscis.  The  sexes  are  distinct  in  all  the  Gcphyrea, 
and  the  young  pass  through  a  metamorphosis. 

In  EcAiurus,  which  is  found  on  the  coasts  of  the  North  Sea, 
the  body  is  provided  posteriorly  with  zones  of  homy  bristles ; 
and  in  the  Siemaspts  of  the  Adriatic  similar  zones  of  bristles 
are  found  anteriorly  as  well  as  posteriorly.  '  In  the  Ec/iiuridie, 
also,  there  are  branched  tubes  connected  with  the  termination 
of  the  intestine,  which  are  doubtless  homologous  with  the 
"  respiratory  tree"  of  the  Holothurians.  In  BotulUa  there  is  a 
proboscis  formed  by  a  folded  fleshy  plate,  susceptible  of  great 
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elongation,  and  forked  at  its  extremity.  The  vent  is  at  the 
opposite  end  of  the  body,  and  the  intestine  is  very  long,  and 
folded  several  times. 

The  British  species  of  the  class  are  grouped  by  Professor  E. 
Forbes  as  follows : — 

Fain.  I.  Sipunmlacea,  having  a  retractile  proboscis,  at  the 
base  of  which  the  anus  is  placed,  and  round  tjie  extremity  of 
which  is  seen  a  circlet  of  tentacles. 

Fain.  II.  Priapulacea,  having  a  retractile  proboscis  but  no 
tentacula,  and  having  the  amis  placed  at  the  extremity  of  a 
long,  filiform,  caudal  appendage. 

Fam.  III.  Thalassemacea,  having  a  proboscis  to  which  a  long 
fleshy  appendage  is  attached.  There  are  no  oral  tentacula,  and 
the  anus  is  placed  at  the  posterior  extremity  of  the  body. 

Ci^SS  II.  Annelida  (  =  Annuiata). — The  Annelida  are  dis- 
tinguished from  the  preceding  by  the  possession  of  distinct 
external  segmentation ;  the  nervous  system  is  composed  of  a 
ventral,  double,  gangliated  cord,  with  an  cesophageal  collar 
and  praj-cesophageal  ganglion. 

This  class  comprises  elongated,  worm-like  animals,  in  which 
the  integument  is  always  soft,  and  the  body  is  more  or  less 
distinctly  segmented,  each  segment  usually  corresponding  with 
a  single  pair  of  ganglia  in  the  ventral  cord.  All  the  segments 
are  similar  to  one  another  except  those  at  the  anterior  and 
posterior  extremities  of  the  body.  Each  segment  may  also  be 
provided  with  a  pair  of  lateral  appendages,  but  these  are  never 
articulated  to  the  body,  and  are  never  so  modified  in  the  region 
of  the  head  as  to  be  converted  into  masticatory  oigans. 

In  the  ]\\.^&c  Annelida  each  segment  (fig.  56)  consists  of  two 


arches,  termed,  from  their  position,  respectively  the  "dorsal 
arc  "  and  the  "  ventral  arc  " ;  and  each  bears  two  lateral  pro- 
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cesses,  or  " foot- tubercles "  {^parapodia),  one  on  each  side. 
Each  "foot-tubercle"  is  double,  being  composed  of  an  upper 
process,  called  the  "noto podium,"  or  "dorsal  oar,"  and  a  lower 
process,  termed  the  " neuropodium,"  or  "ventral  oar."  The 
foot-tubercles,  likewise,  support  bristles,  or  "  setas,"  and  a  soft, 
cylindrical  appendage,  which  is  termed  the  "cirrhus"  (fig.  56). 
The  number  of  the  segments  varies  much,  being  as  many  as 
400  in  Eunice  giganUa;  and,  generally,  there  is  not  a  distinct 
head  which  is  separable  from  the  succeeding  rings  of  the  body. 
When  such  a  distinct  head  appears  to  be  present,  it  is  not  com- 
parable with  the  head  of  the  Arthropoda,  but  is  really  a  greatly 
modified  prie-oral  region,  or  "  prostomium,"  as  is  shown  by 
the  position  of  the  mouth. 

The  digestive  system  of  the  Annelides  consists  of  a  month, 
sometimes  armed  with  homy  jaws,  a  gullet,  stomach,  intestine, 
and  a  distinct  anus.  Except  in  the  Hirudinea,  the  alimentary 
canal  is  suspended  in  a  capacious  perivisceral  space,  divided 
into  compartments  by  more  or  less  complete  partitions.  The 
alimentary  canal  is,  with  one  exception,  not  convoluted,  and 
extends  straight  from  the  mouth  to  the  anus ;  but  lateral  diver- 
ticula are  often  present 

As  regards  the  vascular  system,  "  no  Annelide  ever  possesses 
a  heart  comparable  to  the  heart  of  a  Crustacean  or  Insect ; 
but  a  system  of  vessels,  with  more  or  less  extensively  contrac- 
tile walls,  containing  a  clear  fluid,  usually  red  or  green  in 
colour,  and  in  some  cases  only  corpus culated,  is  very  generally 
developed,  and  sends  prolongations  into  the  respiratory  organs, 
when  such  exist" — (Huxley.)  This  system  has  been  termed 
the  "  pseudo-hfemal  system,"  and  its  vessels  are  considered  by 
Professor  Huxley  as  being  "extreme  modifications  of  organs 
homologous  with  the  water-vessels  of  the  Scoleeida  ";  since  the 
perivisceral  cavity,  with  its  contained  corpusculated  fluid  (chy- 
laqueous  fluid),  is  believed  by  M.  de  Quatrefages  to  be  the 
true  homologue  of  the  vascular  system  of  Crustacea  and  in- 
sects. The  pseudo-hsmal  system,  therefore,  of  the  Annelides 
is  to  be  regarded  as  essentially  respiratory  in  function.  The 
pseudo-h£emaI  vessels  are  sometimes  wanting,  and  in  these 
cases  respiration  appears  to  be  effected  by  the  cilia  lining  the 
perivisceral  cavity. 

Respiration  is  effected  by  the  general  surface  of  the  body, 
by  saccular  involutions  of  the  integument,  or  by  distinct  ex- 
ternal gills,  or  branchial. 

The  nervous  system  consists  of  a  double,  ventral,  gangliafed 
cord,  which  is  traversed  anteriorly  by  the  oesophagus;  the 
"pne-cesophageal,"  or  "cerebral,"  ganglia  being  connected  by 
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lateral  cords  or  commissureswiththe"post-cesophageal"gang!ia. 
Pigment -spots,  or  "  ocelli,"  are  present  in  many,  generally  upon 
the  proboscis,  sometimes  in  each  segment,  or  on  the  branchife, 
or  on  the  tail ;  and  the  head  often  supports  two  or  more 
feelers  which  differ  from  the  "antenna"  of  Insects  and  Crus- 
tacea in  not  being  jointed. 

The  sexes  in  the  Annelida  are  sometimes  distinct,  and  some- 
times united  in  the  same  individual.  The  embryos  are  almost 
universally  ciliated,  and  even  in  the  adult  cilia  are  almost 
always,  if  not  always,  present,  in  both  of  which  respects  this 
class  differs  from  the  Arthropoda. 

The  Annelida  may  be  divided  into  two  sections,  characterised 
by  the  presence  or  absence  of  external  respiratory  organs  or 
branchiae.  The  Abranchiate  section  comprises  the  Leeches 
and  the  Earth-worms  ;  whilst  the  Branchiate  division  includes 
the  Tube-worms  {Tubicola)  and  the  Sand-worms  {Errantid). 
The  Annelida  are  also  often  divided  into  two  sections,  called 
Ckmlophora  and  Discopkora,  according  as  locomotion  is  effected 
by  chitinous  setje  (Earth-worms,  Tube-worms,  and  Sand-worms) 
or  by  suctorial  discs  (Leeches). 


CHAPTER   XXIX. 

ORDERS    OF  ANNELIDA. 

Order  I.  Hirudinea  {Discopkora  or  SwfoWa).— This  order 
includes  the  Leeches,  and  is' characterised  by  the  possession 
of  a  locomotive  and.  adhesive  sucker,  posteriorly  or  at  both 
extremities,  and.  by  the  absence  of  bristles  and  foot-tubercles. 
The  sexes  are  united  in  the  same  individual,  and  the  young  do 
not  pass  through. any  metamorphosis. 

The  Leeches  are,  aquatic,  vermiform  animals,  mostly  in- 
habiting fresh  water,  though  a  few  species  are  marine.  Loco- 
motion is  effected  either  by  swimming  by  means  of  a  serpentine 
bending  of  the  body,  or  by  means  of  one  or  two  suctorial  discs. 
In  those  forms  in  which  there  is  only  a  single  sucker  (posterior), 
the  head  or  anterior  extremity  of  the  body  can  be  converted 
into  a  suctorial  disc.  The  body  is  ringed,  as  many  as  one 
hundred  annulations  being  present  in  the  common  Leech ;  but 
it  is  not  divided  into  distinct  somites,  and,  with  one  exception, 
there  are  no  lateral  appendages  of  any  kind.  The  mouth  is 
sometimes  edentulous,  but  it  is  usually  armed  with  teeth.     The 
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alimentary  canal  is  short,  and  is  united  to  tlie  skin  by  means 
of  a  spongy  vascular  tissue.  The  pseudo-hajmal  system  con- 
sists principally  of  four  great  longitudinal  trunks,  connected  by 
lateral  vessels,  and  devoid  of  any  special  dilatations.*  Respir- 
ation appears  to  be  partly  effected  by  means  of  a  number  ol 
sacs,  which  are  formed  simply  by  an  involution  of  the  integu- 
ment, and  which  open  externally  by  minute  apertures,  termed 
"  stigmata."  In  tJie  common  Leech  there  are  about  seventeen 
of  these  vesicles  on  each  side  of  die  body  their  openings  being 
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•  If  BtanchioMeUa  be  regarded  as  a  true  Leech,  then  the  absence  ot 
Bills  is  not  universal  in  this  order,  for  it  possesses  branchue.  It  has  two 
sadieTS,  and  is  parasitic  on  the  Torpedo  and  on  the  gilts  of  the  Cray-iish, 
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Reproduction,  also,  is  always  effected  by  means  of  ihe  sexes, 
and  never  by  fission  or  gemmation. 

The  common  Horse-leech  is  only  provided  with  a  few  binnt 
teeth ;  but  the  Medicinal  Leech  (Sanguisuga  officinalis,  fig.  57) 
has  its  mouth  furnished  with  three  crescentic  jaws,  the  convex 
surfaces  of  which  are  serrated  with  minute  teeth.  This  species 
is  chiefly  imported  from  Hungary,  Bohemia,  and  Russia.  In 
Sanguisuga  medicinalis,  also  used  in  medicine,  the  abdomen 
has  numerous  black  spots.  In  both  species  the  oral  and 
caudal  extremities  are  narrowed  before  dilating  into  the 
suckers,  and  the  body  has  from  ninety  to  one  hundred  rings. 
The  marine  Pontohddl^  have  the  body  tuberculated,  and 
attach  themselves  to  the  bodies  of  fishes,  especially  skates. 
The  anterior  sucker  is  separated  in  these  from  the  body  by 
a  distinct  constriction  or  neck.  In  the  little  fresh-water 
Ckpsina  the  anterior  sucker  is  wanting,  and  there  is  a  pro- 
boscidiform  mouth.  They  are  found  attached  to  the  stems  of 
water-plants. 

Order  II.  Oligoch-«ta  {Territola). — The  members  of  this 
order,  comprising  the  Earth-worms  {Lumbricida)  and  the 
Water-worms  (Naidida:),  are  distinguished  by  the  fact  that  their 
locomotive  appendages  are  in  the  form  of  chitinous  setse  or 
bristles,  attached  in  rows  to  the  sides  and  ventral  surface  of 
the  body.  They  are  all  hermaphrodite.  The  Oligochata  are 
divided  into  the  two  groups  of  the  TerricoUe  or  Earthworms, 
and  the  Limicolx  or  Mud-worms  and  Water-worms  {Sisnuridis 
and  NaididtE), 

In  the  common  Earth-worm  (Lumbrici/s)  the  body  is  cylin- 
drical, attenuated  at  both  extremities,  and  carrying  in  the  adult 
a  thickened  zone,  which  occupies  from  six  to  nine  rings  in 
the  anterior  part  of  the  body,  is  connected  with  reproduc- 
tion, and  is  termed  the  "  clitellum,"  or  "  saddle."  Locomo- 
tion is  effected  by  eight  rows  of  short  bristles  or  seta,  four  of 
which  are  plated  laterally  and  four  on  the  ventral  surface  of 
the  body ;  these  representing  the  foot-tubercles  of  the  higher 
Annelides.  The  mouth  is  edentulous,  and  opens  into  a  short 
cesophagus,  which  leads  to  a  muscular  crop,  or  "  pro-ventricu- 
lus,"  succeeded  by  a  second  muscular  dilatation,  or  gizzard. 
The  intestine  is  continued  straight  to  the  anus,  and  is  con- 
stricted in  its  course  by  numerous  transverse  septa,  springing 
from  the  walls  of  the  perivisceral  cavity.  The  perivisceral 
cavity  (as  in  all  the  OUgochald)  is  lined  by  a  cellular  mem- 
brane, which  is  continuous  with  a  yellow  cellular  layer  covering 
the  intestine  and  large  vessels,  and  which  casts  off  its  cells  into 
tlie  perivisceral  fluid.     The  pseudo-hsmal  system  is  well  de- 
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veloped  ;  and  there  exists,  in  even  greater  numbers,  the  same 
series  of  lateral  sacculi  or  "  segmental  organs  "  which  we  have 
seen  in  the  Leeches,  and  which  have  either  a  respiratory  or  a 
renal  function.  In  all  the  Oligockata  the  segmental  organs 
communicate  internally  with  the  perivisceral  cavity  as  well  as 
externally  with  the  outer  medium.  A  portion  of  the  segmental 
organs  is  ciliated,  and  in  all  cases  the  segmental  organs  of 
certain  of  the  segments  have  the  special  function  of  acting  as 
efferent  ducts  for  the  generative  organs. 

Of  the  little  Ndidida,  the  most  familiar  is  the  Tiibifex  rivu- 
lorum,  which  is  of  common  occurrence  in  the  mud  of  ponds 
and  streams.  It  is  from  half  an  inch  to  one  inch  and  a  half  in 
length,  and  of  a  bright-red  colour.  The  pseudo-hsemal  system 
is  provided  with  two  contractile  cavities  or  hearts ;  and  there 
is  present  the  same  system  of  lateral  tubes,  opening  externally 
by  pores,  as  occurs  in  the  Earth-worms. 

The  Ndididce  are  chiefly  noticeable  on  account  of  the  sin- 
gular process  of  non-sexual  reproduction  which  they  present 
before  they  attain  sexual  maturity.  In  this  process  tlie  Ndis 
throws  out  a  bud  between  two  rings,  at  a  point  generally  near 
the  middle  of  the  body.  Not  only  is  this  bud  developed  into 
a  fresh  individual,  but  the  two  portions  of  the  parent  marked 
out  by  the  budding  point  likewise  became  developed  into 
separate  individuals.  The  portion  of  the  parent  in  front  of  the 
bud  develops  a  tail,  whilst  the  portion  behind  the  bud  develops 
a  head.  Prior  to  the  detachment  of  the  bud,  other  secondary 
buds  are  formed  from  the  same  segment,  each  in  front  of  the 
one  already  produced  ;  and  in  this  way,  before  separation  takes 
place,  a  chain  of  organically  connected  individuals  is  produced, 
all  of  which  are  nourished  by  the  anterior  portion  of  the  primi- 
tive worm.  Besides  their  non-sexual  reproduction,  the  Ndidida 
possess  generative  oi^ans  when  adult,  and  exhibit  true  sexual 
reproduction.  With  the  development  of  the  generative  organs, 
a  new  segment  is  added  to  the  body,  and  certain  other  modifi- 
cations take  place  ;  so  that  the  process  of  attaining  sexual  ma- 
turity is  actually  attended  with  a  species  of  metamorphosis. 

Order  III.  TuBicoLA(C^Aa/(j*roKc<4wC(j).— The  Annelides 
which  are  included  in  this  order  inhabit  tubes,  which  may  be 
calcareous,  and  secreted  by  the  animal  itself,  or  may  be  com- 
posed of  grains  of  sand  or  pieces  of  broken  shell,  cemented 
together  by  a  glutinous  secretion  from  the  body.  The  body- 
rings  are  mostly  provided  with  fasciculi  of  bristles  set  upon 
lateral  foot-tubercles  or  parapodia,  by  means  of  which  the 
animal  is  enabled  to  draw  itself  in  and  out  of  its  tube.  The 
alimentar)'  canal  is  loosely  attached  to  the  integument.     The 
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TubUola,  are  unisexual,  and  the  young  pass  through  a  meta- 
morphosis. 

When  the  tube  of  a  Tubicolar  Annelide  is  a  true  calcareous 
secretion  from  the  body  of  the  animal,  it  is,  nevertheless, 
readily  distinguished  from  tlie  shell  of  the  Mollusca,  by  the  fact 
tliat  there  is  no  organic  connection  of  any  kind  between  the 
animal  and  its  tube. 

The  pseudo-hEemal  system  has  its  usual  arrangement,  and 
the  contained  fluid  is  usually  red  in  colour,  but  is  olive-gieen 
in  Sabella.  The  respiratory  or- 
gans are  in  the  form  of  filament- 
ous branchife,  attached  to,  or 
near,  the  head,  generally  in  two 
lateral  tufts,  arranged  in  a  funnel- 
shaped  orspiral  form.  Each  fila- 
ment is  fringed  with  vibrating  j 
cilia,  and  the  tufts  are  richly  sup- 
plied with  fluid  from  thepseudo- 
hiemal  system.  There  is  no  spe- 
cial apparatus  required  to  drive 
the  blood  back  to  the  heart, 
but  this  is  effected  by  the  con- 
tractile power  of  the  gills  them- 
selves. From  the  position  of 
die  branchite  upon,  or  near,  the 
head,  the  Tubkola  are  often 
known  as  the  "  ceplialo branch i a 

Reproduction  in  the  Tubkola  is  _ 
being  in  different  individuals  ;  but  spontaneous  fission  has  also 
been  observed.  As  regards  their  development,  the  process  has 
been  thus  described,  as  it  occurs  in  Terebella: — The  embryo, 
which  is  at  first  a  free-swimming,  ciliated  body,  "  lengthens, 
and  the  cilia,  which  were  at  first  generally  diffused,  become 
confined  to  a  cincture  beliind  the  head,  a  transverse  ventral 
band  near  the  tail,  and  a  small  circle  round  that  part.  The 
head  is  distinguished  by  two  red  eye-specks ;  new  segments 
are  successively  added,  one  behind  the  other,  and  always  in 
front  of  the  anal  one ;  but  as  yet  the  embryo  is  apodal.  The 
tubercles  and  setje  are  next  developed  in  the  same  order,  and 
a  free-swimming  or  "  errant  "  Annelide  ensues.  Finally,  the 
cilia  of  the  buccal  rings  are  lost,  the  young  Terebella  reposes, 
and  envelops  itself  in  a  mucous  tube."  — (Owen.)  As  the 
young  tubicolar  Annelide  is  thus  free,  or  "  errant,"  before  it 
becomes  finally  enveloped  in  a  tube,  it  is  generally  believed 
that  the  Tubkola  should  be  looked  upon  as  really  higher  than 


:e"  Annelides  {fig.  58). 
's  generally  sexual,  the  s 
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the  next  order  of  Annelida — viz.  the  Errantia.  It  appears, 
however,  more  probable  that  the  stationary  condition  of  the 
aduit  TtibUola  should  rather  be  regarded  as  an  instance  of 
"  retrograde  development." 

The  most  familiar  of  the  Tubicola  is  the  Serpula  (fig.  58,  «), 
the  contorted  and  winding  calcareous  tubes  of  which  must  be 
known  to  almost  every  one  as  occurring  on  shells  or  stones  on 
the  sea-shore.  One  of  the  cephalic  cirrhi  in  Serpula  is  much 
developed,  and  carries  at  its  extremity  a  conical  plug,  or  oper- 
culum, whereby  the  mouth  of  the  tube  is  closed,  when  the 
animal  is  retracted  within  it.  The  operculum  of  Serpula  has  a 
more  than  ordinary  interest  in  the  fact  diat  it  is  the  only  in- 
stance in  the  Annelida  in  which  calcareous  matter  is  deposited 
within  the  integument.  In  Spirorbis  (fig.  58,  b)  the  shelly  tube 
is  coiled  into  a  flat  spiral,  one  side  of  which  is  fixed  to  some 
solid  object.  It  is  of  estremely  common  occurrence  on  the 
fronds  of  sea-weed  and  on  other  submarine  objects. 

Equally  familiar  with  Serpula  is  Terebella,  the  animal  of 
which  is  included  in  a  tube  composed  of  sand  and  fragments 
of  shell,  cemented  together  by  a  glutinous  secretion.  In  the 
SahellidiB  the  tube  is  composed  of  granules  of  sand  or  mud.  In 
Pedinaria  the  tube  is  free,  membranous,  or  papyraceous,  and 
in  the  form  of  a  reversed  cone  of  considerable  length. 

Order  IV.  Errantia  {Nereidea). — This  order  comprises 
free  Annelides,*  which  possess  setigerous  foot-tubercles.  The 
respiratory  organs  are  generally  in  the  form  of  tufts  of  exter- 
nal branchije,  arranged  along  the  back  or  the  sides  of  the 
body.  They  are  unisexual,  and  the  young  pass  through  a 
metamorphosis.  This  order  includes  most  of  the  animals 
which  are  commonly  known  as  Sand-worms  and  Sea-worms, 
together  with  the  familiar  Sea-mice. 

The  integument  is  soft,  and  the  body  is  very  distinctly 
divided  into  a  great  number  of  rings  or  segments,  each  of 
which,  in  the  typical  forms,  possesses  the  following  structure. 
The  segment  consists  of  two  arches,  a  lower  or  "  ventral  arc," 
and  an  upper  or  "  dorsal  arc,"  with  a  "  foot-tubercle  "  on  each 
side.  Each  foot-tnbercle  consists  of  an  upper  process,  or 
"  notopodium,"  and  a  lower  process,  or  "  neuropodium,"  each 
of  which  carries  a  tuft  of  bristles,  or  "  setK,"  and  a  species  of 
tentacle  termed  the  "cirrhus"  (fig.- 56). 

The  anterior  extremity  of  the  body  is  usually  so  modified 
as  to  be  distinctly  recognisable  as  the  head,  and  is  provided 

*  FriW  Miiller  describes  an  errant  Annelide  belonging  to  the  Amphincmids 
as  living  parasitically  within  the  shell  of  the  common  Barnacle  (Lepas\ 
showing  that  the  members  of  this  group  may  sometimes  lose  their  &ee  hublt. 
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with  eyes,  and  with  two  or  more  feelers,  which  are  not  jointed, 
and  are,  therefore,  not  comparable  with  the  antennae  of  Crus- 
tacea and  Insects.  The  mouth  is  placed  on  the  inferior  sur- 
face of  the  head,  and  is  often  furnished  with  one  or  more  pairs 
of  homy  jaws,  working  laterally.  The  pharynx  is  muscular, 
and  forms  a  sort  of  proboscis,  being  provided  with  special 
muscles,  by  means  of  which  it  can  be  averted  and  again  re- 
tracted. In  most  there  is  no  distinction  between  stomach  and 
intestine,  and  the  epithelium  of  the  alimentary  canal,  like  that 
of  the  preceding  orders,  is  ciliated.  The  perivisceral  cavity 
is  filled  with  a  colourless  corpusculated  fluid — the  "  chylaque- 
ous  fluid  " — which  "  performs  one  of  the  functions  of  an  inter- 
nal skeleton,  acting  as  the  fulcrum  or  base  of  resistance  to  the 
cutaneous  muscles,  the  power  of  voluntary  motion  being  lost 
when  the  fluid  is  let  out."— (Owen.) 

The  pseudo-hsemal  system  is  wel]  developed,  and  consists 
essentially  of  a  long  dorsal  vessel,  and  a  similar  ventral  one, 
connected  by  transverse  brandies,  and  furnished  at  the  bases 
of  the  branchise  with  pulsating  dilatations.  The  contained 
fluid  is  mostly  red,  but  is  yellow  in  Aphrodite  and  Polynee. 

Respiration  is  carried  on  by  means  of  a  series  of  external 
branchife  or  gills,  arranged  in  tufts  upon  the  sides  of  the  body 
on  its  dorsal  aspect,  along  the  middle  of  the  body  only,  or 
along  its  entne  length.  From  the  position  of  the  branchia, 
the  members  of  this  order  are  often  spoken  of  as  the  "  Dorsi- 
branchiate"  (or  more  properly  "  Noto branchiate  ")  Annelides. 
The  "  segmental  organs,"  with  few  exceptions,  communicate 
with  the  perivisceral  cavity  internally,  and  in  certain  s^ments 
they  are  alwa3's  specialised  to  act  as  efferent  ducts  for  the  re- 
productive organs. 

In  the  Sea-mouse  {Aphrodite,  fig.  6o,  B),  the  back  is  covered 
with  a  double  row  of  membranous  imbricated  plates,  which 
are  called  "  elytra,"  or  "  squamte,"  and  respiration  is  effected 
by  the  periodical  elevation  and  depression  of  these  plates, 
whereby  water  is  alternately  admitted  into,  and  expelled  from, 
a  space  beneath  them.  This  space  is  separated  by  a  membrane 
from  the  perivisceral  cavity  below,  and  contains  the  gills  in  the 
form  of  smaU  fleshy  crests.  The  pharynx  is  thick  and  muscular, 
and  can  be  everted  like  a  proboscis,  and  the  intestine  has  a 
number  of  lateral  branched  Cieca. 

ITie  nervous  system  in  the  Errantia  has  its  typical  form, 
consisting  of  a  double  gangliated  ventral  cord,  two  ganglia  of 
which  are  appropriated  to  each  segment.  The  prie-cesopha- 
geal,  or  cerebral,  ganglia  are  of  large  size,  and  send  filaments 
to  the  ocelli  and  feelers. 
10 
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The  sexes  in  the  Erraniia  are  in  different  individuals,  and 
reproduction  is  usually  sexual,  though  in  some  cases  gemma- 
tion is  known  to  occur.  The  process  of  gemmation  is  carried 
on  by  a  single  segment,  and  so  long  as  it  continues,  the  bud- 
ding individual  remains  sexually  immature,  though  the  young 
thus  produced  develop  generative  organs.  Thus,  there  is  in 
these  cases  a  kind  of  alternation  of  generations,  or  rather  an 
alternation  of  generation  and  gemmation  ;  the  oviparous  Indi- 
viduals producing  eggs  from  which  the  gemmiparous  indivi- 
duals are  bom  ;  these,  in  their  turn,  but  by  a  non-sexual  pro- 
cess, producing  the  oviparous  individuals. 

The  embryo  ustially  appears,  on  its  liberation  from  the  ovum, 
as  a  free-swimming,  ciliated  body,  possessing  a  mouth,  intestine, 
and  anus.  The  cilia  are  primarily  diffused,  but  become  aggre- 
gated so  as  to  form  a  single  median  belt,  or  two  bands,  one 
about  each  extremity.     The  head,  with  its  feelers  and  eye- 


specks,  appears  at  one  extremity,  whilst  the  segments  of  the 
body  begin  to  be  formed  at  the  other.  Each  segment  is  devel- 
oped in  four  parts,  the  two  principal  ones  forming  half-rings, 
united  by  shorter  side-pieces,  from  which  the  setigerous  foot- 
tubercles  are  developed.  The  ciliated  band  or  bands  finally 
disappears,  and  new  rings  are  rapidly  added  by  intercalation 
between  the  head  and  the  segments  already  formed. 

Amongst  the  best  known  of  the  Errantta  is  the  common 
Lob-worm  {Arenicola  piscatorum,  fig.  60,  C),  which  is  used  by 
fishermen  for  bait  The  Lob-worm  lives  in  deep  canals  which 
it  hollows  out  in  the  sand  of  the  sea-shore,  literally  eating  its 
way  as  it  proceeds,  and  passing  the  sand  through  the  aliment- 
ary canal,  so  as  to  extract  from  it  any  nntriment  which  it  may 
contain.  It  possesses  a  large  head,  without  eyes  or  jaws,  and 
with  a  short  proboscis.  There  are  thirteen  pairs  of  branchi^, 
placed  on  each  side  in  the  middle  of  the  body. 

In  the  Na-dda,  or  "  Sea -centipedes,"  the  body  is  greatlv 
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elongated,  and  consists  of  a  great  number  of  similar  segments, 
with  rudimentary  branchiie.  The  head  is  distinct,  and  carries 
eyes  ajid  feelers,  whilst  the  mouth  is  furnished  with  a  large 
proboscis,  and  often  with  two  homy  jaws  (fig.  59).  In  the 
Eunkea  the  branchias  are  usually  well  developed  and  of  large 
size,  and  the  mouth  is  armed  with  seven,  eight,  or  nine  horny 
jaws.  Eunice  gigantea  attains  sometimes  a  length  of  over  four 
feet,  and  may  consist  of  more  than  four  hundred  rings. 

DisTRiBtmoN  OF  Annelida  in  Time.— Of  the  Annelida  the 
only  orders  which  are  known  to  have  left  any  traces  of  their 
existence  in  past  time  are  the  Tubicola  and  the  Errantia;  ai 
which  the  former  are  known  by  their  investing  tubes,  whilst 


the  latter  are  only  recognised  by  the  tracks  which  they  left 
upon  ancient  sea-bottoms,  or  by  their  burrows  in  sand  or  mud. 
These  tracks  and  burrows  of  Annelides  are  found  commonly  in 
rocks  of  almost  all  ages  from  the  Cambrian  period  upw^ds. 
Those  tracks  which  have  been  caused  simply  by  the  passage 
of  the  worm  over  the  surface  of  the  mud  are  termed  by  Mr 
Salter  Hdminthites,  whilst  the  burrows  are  called  Scolites  (or 
ScolUkus). 

Tubicolar  Annelides  are  known  to  occur  ftom  the  Silurian 
Rocks  upwards.  The  well-known  Silurian  fossil,  TentaatlUes, 
is  generally  believed  to  belong  to  this  order,  but  it  is  referred 
by  M.  Barrande  to  the  Pteropnda  {MoHnscn).     Conmlites  and 
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Trachyderma,  however,  are  undoubted  Silurian  Tuhicola.  The 
Microccnchus  carbonarius  is  a  little  spiral  Tubicolar  Annelide, 
nearly  allied  to  the  Spirerbis  (fig.  58,  b)  of  our  seas,  which  is 
not  uncommonly  found  in  strata  belonging  to  the  Carboni- 
ferous period;  and  the  genus  Spirorhis  itself  is  represented 
even  in  the  Silurian  period. 


Division  A.  Abranchiata.  — No  external  organs  of  respiralion. 

Order  L    Hirudinea. — No  bristles  or  foot-tubercles  :   locomotion  by 

means  of  a  suctorial  disc  at  one  ot  both,  extremities.     111.  Gen. 

Hmtdo,  CUpsitu,  Pontobdella. 
Order  II.  Oligochiela. — Locomotion  by  means  of  rows  of  stiff  bristles, 

or  "settej"  no  foot-tubercles.     lU.  Gen.  LumbHius,  Nais,  Tubifex. 

Division  B.  Branchiata. — Respiratory  organs  in  the  form  of  external 
branchiae. 

Order  III.  Tu^o/o.— Body  protected  by  a  calcareous  or  arenaceous 
tube.  Branchise  attached  to,  or  near,  the  head  [Ciphalobranchiata). 
IIL  Gen.  Serptda,  TeriUlla,  Sabella. 
Order  IV.  Erratiiia, — Animal  free,  with  setigerous  foot- tubercles. 
Branchiie  in  tufts,  attached  on  the  sides  of  the  body,  in  the  middle 
of  dorsal  region  only,  or  along  its  entire  length  (Dorsibranckiata). 
IIL  Gen.  Arenkola  (Lob-worro),  Nerds  (Sea-centipede),  Aphrodite 
(Sea-mouse). 

Class  III.  Ch^tognatha  (Huxley). — The  remaining  class 
of  the  Anarthropoda  has  been  recently  constituted  by  Professor 
Huxley  under  the  name  of  Chaiognatha,  for  the  reception  of 
the  single  genus  SagUta,  which  had  been  formerly  placed 
amongst  the  Annelida.  By  Professor  RoUeston,  however,  the 
Chatognatha  are  placed  in  the  division  Nemaleltnia  of  the 
Annuloida,  in  the  immediate  neighbourhood  of  the  Nema- 
loidea. 

The  Sagittx  are  singular  marine  animals,  transparent,  and 
elongated  in  form,  and  usually  not  more  than  an  inch  in 
length.  The  following  are  the  characters  ascribed  to  the  class 
by  Huxley  :— 

"The  head  is  provided  with  severaJ,  usually  six,  sets  of 
strong,  bilaterally  symmetrical  oral  setie,  two  of  which,  long 
and  claw-like,  lie  at  the  sides  of  the  mouth ;  while  the  other 
four  sets  are  short,  and  lie  on  that  part  of  the  snout  which  is 
produced  in  front  of  the  oral  aperture.  The  posterior  part  of 
the  body  is  fringed  on  each  side  by  a  delicate  striated  fin-like 
membrane,  which  seems  to  be  an  expansion  of  the  cuticle.  In 
some  species  the  body  is  beset  with  fine  setfe.  The  intestine  is 
a  simple,  straight  tube,  extending  from  the  mouth  to  the  anus; 
the  latter  opens  on  the  ventral  surface,  just  in  front  of  the 
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hinder  extremity.  A  single  oval  ganglion  lies  in  the  abdomen, 
and  sends,  forwards  and  backwards,  two  pairs  of  lateral  cords. 
The  lateral  cords  unite  in  front  of  and  above  the  mouth  into  a 
hexagonal  ganglion.  This  gives  oif  two  branches  which  dilate 
at  their  extremities  into  the  spheroidal  ganglia,  on  which  the 
darkly  pigmented  imperfect  eyes  rest.  The  ovaries,  saccular 
organs,  lie  on  each  side  of  the  intestine  and  open  on  either  side 
of  the  vent ;  receptatula  semmis  are  present  Behind  the  anus, 
the  cavity  of  the  tapering  caudal  part  of  the  body  is  partitioned 
into  two  compartments;  on  the  lateral  parietes  of  these,  cellular 
masses  are  developed  which  become  detached,  and,  floating 
freely  in  the  compartment,  develop  into  spermatozoa.  These 
escape  by  spout-Uke  lateral  ducts,  the  dilated  bases  of  which 
perform  the  part  of  vesiculx  seminaies.  The  embryos  are  not 
ciliated,  and  undergo  no  metamorphosis." — (See  Introduction  to 
the  Classifiattion  of  Animals,  p.  52. J 


CHAPTER    XXX. 
ARTHROPOD'A. 


Division  II.  Arthropoda,  or  Aeticulata. — The  remaining 
members  oS  the  sub-kingdom  Annulosa  are  distinguished  by 
the  possession  ai  jointed  appendages,  articulated  to  the  body;  and 
they  form  the  second  primary  division — often  called  by  the 
name  Arliculata.  As  this  name,  however,  has  been  employed 
in  a  wider  sense  than  is  understood  by  it  here,  it  is,  perhaps, 
best  to  adopt  the  more  modem  term  Arthropoda. 

The  members  of  this  division,  comprising  the  Crustacea 
(Lobsters,  Crabs,  &c),  the  Arachnida  (Spiders  and  Scorpions), 
the  Myriapoda  (Centipedes),  and  the  Tnsecta,  are  distinguished 
as  follows : — 

The  body  (fig.  54)  is  composed  of  a  series  of  segments, 
arranged  along  a  longitudinal  axis;  each  segment,  or  "  somite," 
occasionally,  and  some  always,  being  provided  with  articulated 
appendages.  Both  the  segmented  body  and  the  articulated 
limbs  are  more  or  less  completely  protected  by  a  chitinous 
exoskeleton,  formed  by  a  hardening  of  the  cuticle.  The 
appendages  are  hollow,  and  the  muscles  are  prolonged  into 
their  interior.  The  nervous  system  in  all,  at  any  rate  in  the 
embryonic  condition,  consists  of  a  double  chain  of  ganglia, 
placed  along  the  ventral  surface  of  the  body,  united  by  longi- 
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tudinal  commissures,  and  traversed  anteriorly  by  the  OS 
The  hjemal  system,  when  differentiated,  is  placed  doTsally,  and 
consists  of  a  contractile  cavity,  or  heart,  provided  with  valvular 
apertures,  and  communicating  with  a  perivisceral  cavity,  con- 
taining corpusculated  blood.  Respiration  is  effected  by  the 
general  surface  of  the  body,  by  gills,  by  pulmonary  sacs,  or  by 
tubular  involutions  of  the  integument,  termed  "tracheae."  In 
no  member  of  the  division  are  vibratile  cilia  known  to  be 
developed.  According  to  Professor  Huxley,  an  additional 
constant  character  of  the  Arthropoda  is  to  be  found  in  the 
structure  of  the  head,  which  is  typically  composed  of  six  seg- 
ments, and  never  contains  less  than  four. 

The  Arthropoda  are  divided  into  four  great  classes^viz.,  the 
Crustacea,  the  Arachnida,  the  Myriapoda,  and  the  Imccia; 
which  ^re  roughly  distinguished  as  follows ; — 

1.  Crustacea. — Respiration  by  means  of  gills,  or  by  the  general 
surface  of  the  body.  Two  pairs  of  antenna.  Locomotive  appen- 
dages more  than  eight  in  number,  borne  by  the  segments  of  the 
thorax,  and  usually  of  the  abdomen  also. 

2.  Arachnida. — Respiration  by  pulmonary  vesicles,  by  trachea, 
or  by  the  general  surface  of  the  body,  ffead  and  thorax  united 
into  a  ceplialoihorax.  Antenna  (as  such)  absent.  Legs  eight. 
Abdomen  without  articulated  appenda^s. 

3.  Myriapoda. — Respiration  by  trachect;  head  distinct;  re- 
mainder of  the  body  composed  of  nearly  similar  somites.  One 
pair  of  antenna.     Legs  numerous. 

4.  Insecta. — Respiration  by  trachea.  Head,  thorax,  and 
abdomen  distinct.  One  pair  of  antehnee.  Three  pairs  of  legs, 
borne  on  the  thorax.  Abdomen  destitute  of  limbs.  Generally  two 
pairs  of  wings  on  the  fliorax. 


CHAPTER   XXXI. 

CRUSTACEA. 


Class  I.  Crustacea.— The  members  of  this  class  are  com- 
monly known  as  Crabs,  Lobsters,  Shrimps,  King-crabs,  Bar- 
nacles, Acorn-shells,  &c.  They  are  nearly  allied  to  the  suc- 
ceeding order  of  the  Arachnida  (Spiders  and  Scorpions) ;  but 
may  usually  be  distinguished  by  the  possession  of  articulated 
appendages  upon  the  abdominal  segments,  by  the  possession 
of  two  pairs  of  antenna;,  and  by  the  presence  of  brancluEe. 
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"  In  the  Crustacea  the  body  is  distinguishable  into  a  variable 
number  of  'somites,'  or  definite  segments,  each  of  which  ma^ 
be,  and  some  of  which  aiwajrs  are,  provided  with  a  single  pair 
of  articulated  appendages.  ...  In  most  Crustacea,  and 
probably  in  all,  one  or  more  pairs  of  appendages  are  so  modi- 
fied as  to  subserve  manducation.  A  pair  of  ganglia  is  primi- 
tively developed  in  each  somite,  and  the  gullet  passes  between 
two  successive  pairs  of  ganglia,  as  in  the  Annelida. 

"  No  trace  of  a  water-vascular  system,  nor  of  any  vascular 
system  similar  -to  (hat  of  the  Annelida,  is  to  be  found  in  any 
Crustacean.  All  Crustacea  whicb  possess  definite  respiratory 
organs  have  branchiie  or  outward  processes  of  the  wall  of  the 
body,  adapted  for  respiring  air  by  means  of  water;  the  terres- 
trial tsopoda,  some  of  which  exhibit  a  curious  rudimentary 
representation  of  a  tracheal  system,  forming  no  real  exception 
to  this  rule.  When  they  are  provided  with  a  circulatory  otgan, 
it  is  situated  on  the  opposite  side  of  the  alimentary  canal  to 
the  principal  chain  of  ganglia  of  the  nervous  system;  and  com- 
municates by  valvular  apertures  with  the  surrounding  venous 
sinus — the  so-called  'pericardium,'"— (Huxley.) 

In  addition  to  these  characters,  the  body  in  the  Crustacea 
is  always  protected  by  a  chitinous  or  sub-calcareous  exoske- 
leton,  or  "  crust,"  and  the  number  of  pairs  of  articulated  limbs 
is  generally  from  five  to  seven.  They  all  pass  through  a  series 
of  metamorphoses  before  attaining  their  adult  condition,  and 
every  part  that  is  foimd  In  an  embryonic  form,  even  though 
only  temporarily  developed,  maybe  represented  in  a  permanent 
condition  in  some  member  of  a  lower  order.. 

The  classification  of  the  Crustacea  is  extremely  complicated, 
and  hardly  any  two  writers  adhere  to  the  same  arrangement. 
The  tabular  view  which  follows  embodies  the  arrangement 
which  appears  to  be  most  generally  adopted,  and  the  diagnostic 
characters  of  each  order  will  be  briefly  given,  a  more  detailed 
description  being  reserved  for  the  more  important  divisions  of 
the  class.  Before  proceeding  further,  however,  it  will  be  as  well 
to  give  a  description  of  the  morphology  of  a  typical  Crustacean, 
selecting  the  Lobster  as  being  as  good  an  example  as  any. 

The  body  of  a  typical  Crustacean  may  be  divided  into  three 
regions — a  head,  a  thorax,  and  an  abdomen,  each  of  which  is 
composed  of  a  certain  number  of  somites,  though  opinions  differ 
both  as  to  the  number  of  segments  in  each  region,  and  as 
to  their  number  collectively.  By  the  majority  of  writers  the 
body  is  looked  upon  as  being  typically  composed  of  twenty-one 
segments,  of  which  seven  belong,  to  the  head,  seven  to  the 
thorajt,  and  seven  to  the  abdomen.     In  many  Crustacea,  how- 


Hosled  by  Google 


202  MANUAL   OF   ZOOLOGY. 

ever,  the  segments  of  the  head  and  thorax  are  welded  together 
into  a  single  mass,  called  the  "cephalothorax;"  in  which  case 
the  body  shows  only  two  distinct  divisions,  of  which  the  cephalo- 
thorax claims  fourteen  segments,  whilst  the  remaining  seven 
are  allotted  to  the  abdomen.  By  Professor  Huxley,  on  the 
other  hand,  the  terminal  joint  of  the  abdomen,  termed  the 
"  telson,"  is  regarded  as  an  appendage,  and  not  as  a  somite. 
Upon  this  view,  the  body  of  a  typical  Cnistaceaii  will  consist 
of  twenty  segments  only.  Professor  Huxley,  further,  differs 
from  the  above-mentioned  view  in  the  allotment  of  the  somites, 
and  he  divides  the  body  into  six  cephalic,  eight  thoracic,  and 
six  abdominal  somites.*  Fritz  Miiller  and  Clans  deny  that  the 
eyes  ate  limbs,  or  that  there  is  an  ocular  segment.     The  telson, 


n  the  other  hand,  is  regarded  by  the  former  as  a  true  somite, 
chiefly  because  the  intestine  usually  opens  in  this  piece. 

Whilst  the  normal  number  of  segments  in  the  body  of  any 
Crustacean  may  thus  be  regarded  as  being  twenty-one,  or 
twenty,  there  occur  cases  in  which  this  number  is  exceeded, 
and  others  in  which  the  number  of  somites  is  apparently  less. 
In  these  latter  cases,  however,  the  apparent  diminution  in  the 
number  of  segments  is  really  due  to  some  having  been  fused 
together,  as  is  shown  by  the  number  of  apjiendages,  since  each 
pair  of  appendages  indicates  a  separate  somite.  In  other  cases, 
however,  in  which  the  number  of  somites  is  really  less  than  the 
normal,  this  is  due  to  an  arrest  of  development.  According  to 
Milne- Edwards : — 

"  In  the  embryo  these  s^ments  are  fonned  in  succession 
from  before  backwards,  so  that,  when  their  evolution  is  checked, 
the  later,  rather  than  the  earlier,  rings  are  those  which  are 
wanting ;  and,  in  iact,  it  is  generally  easy  to  see  in  those  speci- 
mens of  full-grown  Cnistaceons  animals  whose  bodies  present 
fewer  than  twenty-one  segments,  that  the  anomaly  depends  on 
the  absence  of  a  certain  number  of  the  most  posterior  rings  of 
the  body."  According  to  Dana,  however,  the  abortion  of 
segments,  with  their  appendages,  almost  always  takes  place  at 
the  posterior  end  of  the  cephalothorax. 

In  no  single  example  can  a  general  view  be  obtained  of  the 
different  segments  and  their  appendages  in  the  Crustacea. 
"  Indeed,  the  only  segment  that  may  be  said  to  be  persistent, 
is  that  which  supports  the  mandibles,  for  the  eyes  may  be 

■  In  reality  the  five  hindmost  segments  of  Ihe  ei^ht  somites  here  allotted 
to  the  thorax,  should  alone  be  regarded  as  constituting  the  abdomen  proper, 
—that  is,  the  region  corresponding  to  the  "abdomen'  of  insects  and  Arach- 
nida.  The  six  somites  allotted  above  to  the  abdomin  belong  lo  what  is 
Strictly  called  the   "post-abdomen"  (& 'Che  Crustacea. 
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wanting,  and  the  antennie,  though  less  liable  to  changes  than 
the  remaining  appendage?,  are  nevertheless  subject  to  very 
extraordinary  modifications,  and  have  to  perform  functions 
equally  various.  Being  essentially  and  typically  organs  of 
touch,  hearing,  and  perhaps  of  smell,  in  the  highest  Decapods, 
they  become  converted  into  burrowing  organs  in  the  Scyllaridm, 
organs  of  prehension  in  the  Merosiomaia,  claspers  for  the  male 
in  the  Cydopoidea,  and  organs  pf  attachment  in  the  Cirripedia. 
Not  to  multiply  instances,  we  have  presented  to  us  in  the 
Cn«/i«iMi.probably  the  best  zoological  illustration  of  a  class, 
constructed  on  a  common  type,  retaining  its  general  character- 
istics, but  capable  of  endless  modification  of  its  parts,  so  as 
to  suit  the  extreme  requirements  of  every  separate  species."- — 
{H.  Woodward.) 

Taking  the  common  Lobster  (fig.  74)  as  a  good  and  readily 
obtainabie  type  of  the  Crtistacea,  the  body  is  at  once  seen  to 
be  composed  of  two  parts,  familiarly  called  the  "head"  and 
the  "  tail,"  the  latter  being  jointed  *td  flexible.  The  so-called 
"head"  is  really  composed  of  both  the  head,  properly  so 
called,  and  the  thorax,  which  have  coalesced  so  as  to  form 
a  single  mass,  technically  called  the  "  cepbalothorax."  The 
so-called  "tail,"  on  the  other  hand,  is  truly  the  "abdomeD." 
The  various  appendages  of  the  animal  are  arranged  along  the 
lower  surface  of  the  body,  and  consist  of  the  feelers,  jaws, 
claws,  legs,  &c.  The  entire  body,  with  the  articulated  ap- 
pendages, is  enclosed  in  a  strong  chitinous  "  shell,"  or  exo- 
skeleton,  and  the  cepbalothorax  is  covered  by  a  great  cephalic 
shield  or  plate,  which  is  termed  the  "carapace." 

Each  segment  of  the  body  may 
be  regarded  as  essentially  composed  ^      ^^^^i- 

of  a  convex  upper  plate,  termed  the  ^        "  '"^^  ^ 

"  tei^um,"  which  is  closed  below  by     j'--^         "         ^.... 
a  flatter  plate,  called  the  "sternum," 
the  line  where  the  two  unite  being 
produced  downwards  and  outwards, 
into   a   plate,    which  is   called   the      ''?„t"nrSn™^iiS'^"u.t 

"pieuron,"  or  "pleura"  (fig.   62,   2).  tegmntiilary  skdelon    of   Ihc 

*^  '  ^  \   6         J     /  CrusucM    (after   Milne-Ed- 

Striclly  speaking,  the  composition  of  the  t^''  jaSf^Tj  E^i'mtn' 

typicalsomife  isconsiderablymoreeomplei,  pieces:    V  Ventral  arc;  ji 

each  of  the  primary  arcs  of  the  somite  being  sternal  piectj ;  j'/Episicrnal 

reaJly  composed  of  four  pieces.      The  ler-  ei'ircmiiiea''  '"'"'""'  °^  '^' 

gal  are  is  cotnposed  of  two  central  pieces, 

one  on  each  side  of  the  middle  line  of  the  body,  united  together,  and  con- 
stituting the  "teigum"  proper.  The  superior  arc  is  completed  by  two 
lateral  pieces,  one  on  each  side  of  the  teigum,  which  are  termed  the 
'-'epimera."    In  like  manner  the  ventral  or  slemal  arc  is  composed  of 
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a  centra.!  plate,  composed  of  two  pieces  united  together  in  lie  middle  line, 
and  constituting  the  "sternum"  proper;  the  arc  being  completed  by  two 
lateral  pieces,  termed  the  "  epistema."  These  plates  are  usually  more  or 
less  completely  auchylosed  together,  and  the  true  structure  of  the  somite 
in  these  cases  is  often  shown  by  what  are  called  "apodemata."  These 
are  septa  which  proceed  inwards  from  the  internal  surface  of  the  somite, 
penetrating  more  or  less  deeply  between  the  various  organs  enclosed  by 
the  ring,  and  always  proceeding  from  the  line  of  junction  of  the  different 
pieces  of  the  segment  (fig.  6l). 


It  must  be  borne  in  mind  that  though  the  so-called  "  head  " 
—that  is  to  say,  the  "cephalolhora.Y" — ^of  the  Lobster  is  pro- 
duced by  an  amalgamation  of  the  various  somites  of  the  head 
and  thorax,  this  is  not  the  case  witli  the  great  shield  which 
covers  this  portion  of  the  body.  This  shield — the  so-called 
"cephalic  buckler,"  or  "  carapacQ" — is  not  produced  by  the 
union  of  the  tergal  arcs  of  the  various  cephalic  and  thoracic 
segments,  as  would  at  first  sight  appear  to  be  the  case.  On 
the  contrary,  the  "  carapa<?e  "  in  the  higher  Crustacea  is  pro- 
duced by  an  enormous  development  of  the  tergal  pieces,  or  of 
the  "epimera"  of  one  or  two  of  the  cephalic  segments:  the 
tergal  arcs  of  the  remaining  somites  being  overlapped  by  tJie 
carapace  and  remaining  undeveloped. 

Examining  the  somites  from  behind  forwards  (for  simplici- 
ty's sake),  the  last  segment  comes  to  be  first  described.  This 
is  the  so-called  "  telson,"  which  forms  the  last  articulation  of 
the  abdomen,  and  never  bears  any  appendages.  For  this 
reason,  many  authorities  do  not  regard  it  as  a  somite,  properly 
speaking,  but  simply  as  an  azygos  appendage — that  is  to  say, 
as  an  appendage  without  a  fellow.  In  the  next  segment  {the 
last  but  one,  or  the  last,  of  the  abdomen,  according  to  the  view 
which  is  taken  of  the  "  telson  "),  there  is  a  pair  of  natatory  ap- 
pendages, called  "  swimmerets."  Each  swimmeret  (fig.  62,  2) 
consiste  of  a  basal  joint,  which  articulates  with  the  sternum, 
and  is  called  the  "  protopodite "  or  propodite,  and  of  two 
diverging  joints,  wh    h  ta  h  d  rm 

of  these  being  called  h  p  d 

dopodite."      In  thi    p    ti  m  p 

endopodite  are  grea  p     d  d  m  p  p 

dies,  and  the  exop  d  d    d  d 

joint     In  the  succe  dm  bd  ^w  h 

exception  of  the  firs  h   h  m        ca       — 

the  appendages  are       h      rm  m 

same  as  those  attach  d      th    p  gi  d  ff 

ing  only  in  the  fac      h       fi  d  d       d  p  d 

much  narrower,  and  the  former  is  undivided  (fig.  6.,  2).     The 
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last  thoracic  somite— immediately  in  front  of  the  abdomen — ■ 
carries  a  pair  of  the  walking  or  ambulatory  legs,  each  consist- 
ing of  a  short  basal  piece,  or  "  propodite,"  and  of  a  long  pointed 
"  endopodite,"  the  "  exopodite"  not  being  developed.     The 


Tig.  ei.—MorpholMy  of  Lobslcr.  i.  Lobster  with  alj  Ihe  appendaees,  eicepl  the 
Icmiinsl  Ewimmereis,  removed,  end  the  abdomipal  somiiea  separated  from  one 
another,  en  Carapaei ;  f  Telson.  s.  The  third  abdominal  somite  ceparated.  t 
Tci^um;  t  Sternum;/  Pleuron;  a  Protopodite;  (Eiopodite;  c  Endopodite.  3. 
One  of  the  last  pair  of  foot-jaws  or  maxillipcdes.    t  Epipodite ;  £  Gill  {  the  other 

next  thoracic  segment  carries  another  pair  of  ambulatory  limbs, 
quite  similar  to  the  last,  except  for  the  fact  that  the  protopo- 
dite bears  a  process  which  serves  to  keep  the  gills  apart,  and 
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is  termed  the  "  epipodite."  The  succeeding  segment  supports 
a  pair  of  limbs  similar  to  the  last  in  all  respects,  except  that 
its  ex^emities,  instead  of  being  simply  pointed,  are  converted 
into  nipping  claws,  or  "chelse."  The  next  segment  of  the 
thorax  carries  a  pair  of  chelate  limbs,  just  like  the  preceding, 
and  the  next  is  furnished  with  appendages,  which  are  essen- 
tially the  same  in  structure,  but  are  much  larger,  constituting 
the  great  claws.  The  next  two  segments  of  the  thorax,  and 
the  segment  in  front  of  these  (by  some  looked  upon  as  belong- 
ing to  the  head,  by  others  as  referable  to  the  thorax),  bear 
each  a  pair  of  modified  limbs,  which  are  termed  "  maxillipedes," 
or  "  foot-jaws."  These  are  simply  limbs  with  the  ordinary 
structure  of  protopodite,  exopodite,  endopodite,  and  epipodite, 
but  modified  to  serve  as  instruments  of  mastication,  the  hind- 
most pair  being  less  altered  than  the  two  anterior  pairs  (fig.  6z, 
3).  The  next  two  somites  carry  appendages,  which  are  in  the 
form  of  jaws,  and  are  termed  respectively  the  first  and  second 
pairs  of  "  maxillffi."  Each  consists  of  the  parts  aforementioned, 
but  the  epipodite  of  the  first  pair  of  maxillfe  is  rudimentary, 
whilst  that  of  the  second  pair  is  large,  and  is  shaped  like  a 
spoon.  It  is  termed  the  "  scaphognathite,"  and  its  function  is 
to  cause  a  current  of  water  to  traverse  the  gill-chamber  by  con- 
stantly baling  water  out  of  it.  The  next  segment  carries  the 
biting  jaws,  or  "  mandibles ; "  each  of  which  consists  of  a  large 
protopodite,  and  a  small  endopodite,  which  is  termed  the 
"  palp,"  whilst  the  exopodite  is  undeveloped.  The  aperture 
of  the  mouth  is  situated  between  the  bases  of  the  mandibles, 
bounded  beliind  by  a  forked  process,  called  the  "  labium, 
"  metasloraa,"  and  in  front  by  a  single  plate,  called  the 
brum"  (upper  lip).  The  next  segment  bears  the  long  antei 
or  feelers  (fig.  74,  ga),  each  consisting  of  a  short  protopodi 
and  a  long,  jointed,  and  segmented  endopodite,  with  a  very 
rudimentary  exopodite.  In  front  of  the  great  antenna  are  the 
next  pair  of  appendages,  termed  the  "  antennules,"  or  smaller 
antennas  (fig.  74,  a),  each  composed  of  a  protopodite,  and  a 
segmented  endopodite  and  exopodite,  which  are  nearly  of  equal 
size.  Finally,  attached  to  the  first  segment  of  the  head  are  the 
eyes,  each  of  which  is  borne  upon  an  eye-staJk  formed  by  the 
protopodite.  The  gill-chamber  is  formed  by  a  great  prolonga- 
tion downwards  of  the  pleura  of  the  thoracic  segments,  and 
the  gills  are  attached  to  the  bases  of  the  legs. 

As  regards  the  digestive  system  of  the  Crustacea,  the  ali- 
mentary canal  is,  with  few  exceptions,  continued  stra^ht  from 
the  mouth  to  tfie  aperture  of  the  anus.  There  are  no  salivary 
glands,  but  a  large  and  well-developed  liver  is  usually  present 
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A  heart  is  generally,  but  not  always,  present.  In  most  of  the 
lower  fonns  it  is  a  long  vasiform  tube,  very  like  the  "  dorsal 
vessel"  of  Insects.  The  exact  course  of  the  circulation  has 
been  differently  stated  by  different  writers,  but  the  following 
appear  to  be  the  fects  of  the  case  :  In  some  of  the  lower  forms 
{e.g;  Copepoda)  there  are  no  arterial  vessels,  and  the  venous 
blood  returned  from  the  body  is  collected  into  a  venous  sinus 
— the  soxalled  "  pericardium,"  which  surrounds  the  heart  and 
opens  into  it  by  valvular  apertures.  In  the  higher  forms,  the 
heart  gives  off  a  number  of  arteries  by  which  the  blood  is 
driven  to  all  parts  of  the  body  and  to  the  gills.  The  arteries 
do  not  terminate  in  a  system  of  capillary  vessels,  but  in  a 
series  of  irregular  lacunte  occupying  all  the  interstices  between 
the  diiferent  organs  of  the  body.  From  this  interstitial  lacunar 
system  arise  the  venous  trunks,  which  are  generally  dilated 
into  more  or  less  extensive  sinuses.  Whether  the  whole  of 
the  venous  blood  is  submitted  to  the  action  of  the  gills,  or 
whether  the  blood  sent  to  the  gills  is  derived  mainly  from  the 
heart,  is  a  matter  of  question ;  but  the  former  is  the  more 
probable  view.  Be  this  as  it  may,  the  blood  is  invariably 
returned  to  a  large  venous  sinus  which  surrounds  the  heart, 
and  opens  into  it  by  a  number  of  valvular  apertures.  It 
follows  from  this  description,  that  the  heart  of  the  Crustacea 
is  mainly,  if  not  altogether,  a  systemic  \ie3Xt,  being  concerned 
chiefly,  if  not  entirely,  in  driving  the  aerated  blood  to  all  parts 
of  the  body. 

Distinct  respiratory  and  circulatory  organs  may  be  altogether 
wanting  ;  but,  as  a  rule,  distinct  branchiK  are  present.  The 
exact  form  and  structure  of  the  gills  differ  in  different  cases, 
but  their  leading  modifications  will  be  alluded  to  in  treating  of 
the  different  orders. 


Sub-class  I.  Epizoa  {Haustellatd). 

Order  r.  Icktkyopkthira. 

„      2.  Rhizocepkala. 

Sub-class  11.    ClRRIPEDIA. 

1  Balanidx. 
Order  3.   Thoracka.  X  Vetrucidse. 

(  Lepadid^ 
„      4.  Abdommalia. 
„      S-  Apoda. 
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Sub-class  III.  Entomostraca. 

Order  5.  Ostracoda.  \   ^    .  .  , 

7.   Copepoda.  ]  ^^"'"'  Lophyropoda. 

„      8.    Cladocera.  1 

„      9.  Phyllopoda.  >  Legion,  Branchlopoda. 

„    10.   Trilobita.  ) 
„    ri.  Merostomaia. 

SulM;lass  IV.  Malacostraca. 
Division  A.  Edriophthalmata. 
Order  12.  Lmmodipoda. 
„      13.  Isopoda. 
„      14.  Amphipoda. 

Division  b.  Podophthalmata. 
Order  15.  Stomapoda. 


1'ribe  a.  Macrura. 
„  b.  Anomura. 
„     c.  Brachyura. 


CHAPTER  XXXII. 

EPIZOA  AND  CIRRIPEDIA. 

Sub-class  I,  Epizoa  (Haustdlata). — The  members  of  this  sub- 
class of  the  Crustacea  are  in  the  adult  state  parasitic  upon  the 
bodies  of  fishes,  and  are  usually  deformed  ;  but  in  the  young 
condition  they  are  locomotive,  and  are  furnished  with  antcnnje 
and  eyes.  The  mouth  is  suctoria],  and  the  limbs  are  tenninated 
by  suckers,  hooks,  or  bristles.  There  are  no  differentiated 
respiratory  organs,  but  respiration  is  performed  by  the  surface 
of  the  body.  The  males  are  rudimentary,  and  are  much  smaller 
than  the  females,  which  are  usiially  furnished  with  external 
ovisacs.  The  Epizoa  are  doseiy  allied  to  the  Copepoda,  and 
may,  indeed,  be  regarded  as  parasitic.  Copepods,  having  the 
mouth  modified  so  as  to  form  a  suctorial  tube  or  beak,  result- 
ing from  the  elongation  of  the  labrum  and  labium.  Within 
this  are  almost  always  two  stylets  or  lancet-shaped  mandibles, 
used  in  piercing.     The  feet  are   often  deformed  by  age,  or 
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wanting,  but  are  primitively  natatory.  Not  only  does  their  de- 
velopmental history  bear  out  this  view,  but  cases  are  known 
imsamsZernaa)  in  which  the  males  do  not  undergo  retrograde 
metamorphosis,  bwt  remain  pennanently  in  the  condition  of 
free  Copepods. 

This  division  includes  the  single  order  IcMhyophtkira,  the 
characters  of  which  are  therefore  the  same  aa  those  of  the  sub- 
class, comprising  various  parasites  upon  fishes  belonging  to  the 
genera  Lernisa,  Achtheres,  Peniculus,  &c. 

Order  I.  Ichthyophthiea. — The  members  of  this  order 
are  attached  in  the  adult  condition  to  the  skin,  eyes,  or  gills  of 
fishes,  and  when  mature  possess  an  elongated  body,  having  a 
more  or  less  distinct  head,  and  in  the  females  usually  a  pair  of 
long,  cylindrical  ovisacs,  depending  from  the  extremity  of  the 
abdomen.  Some  adhere  by  a  suctorial  mouth,  or  by  cephalic 
processes  (Cephalund)  ;  others  are  attached  by  a  suctorial  disc, 
developed  at  the  extremities  of  the  last  pair  of  thoracic  limbs, 
which  are  united  together  (Brachiund) ;  whilst  in  others  (Omhu- 
na)  attachment  is  effected  by  hooks  at  the  free  extremities  of 
the  first  pair  of  thoracic  limbs.— (Owen.) 

The  males  are  usually  not  attached,  but  adhere  to  the  fe- 
males, of  which,  from  their  much  smaller  size,  they  appear  to 
be  mere  parasites.  The  chief  anatomical  peculiarities  of  the 
female  are  the  following : — -The  head  is  provided  usually  with  a 
pair  of  jointed  antennse,  and  the  body  is  divided  into  a  cepha- 
lothorax  and  abdomen.  The  alimentary  canal  consists  of  a 
mouth,  gullet,  and  intestine,  terminating  posteriorly  in  a  distinct 
anus.     The  nervous  system  consists  of  a  double  ventral  cord. 

The  embryo  (fig.  63,  a)  is  free-swimming,  and  is  provided 
with   visual    organs   and   locomotive   appendages.     The  two 


Fij.  63.— Ichihyophthira.    a  Frcc-iwtmming  \3r«3 of  Aihlhtres ftrcarum,  initsfim 

sexes  are  now  alike,  and  the  conversion  of  the  active  embryo, 
or  larva,  into  the  swollen  and  deformed  adult,  must  be  regarded 
as  an  instance  of  "  retrograde  metamorphosis."     In  Achtheres 
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percarum  (fig,  63),  the  primitive  fonii  of  the  young  is  a  "  Naiip- 
lius  ;"*  but  a  wholly  different  larva,  resembling  the  Cyclops  in 
shape,  but  with  fewer  limbs  and  somites,  is  prepared  within  the 
Nauplius-skin,  and  is  liberated  by  the  rupture  of  the  same. 

Order  II.  Rhizocephala. — The  name  Rhizocephala  has 
been  proposed  for  another  group  of  Crustacea,  which  are  fixed, 
parasitic,  and  greatly  deformed  when  adult ;  but  which  are  lo- 
comotive when  young,  and  which  are  most  nearly  allied  to  the 
Cirripedia.  The  larvte  are  "  Naupliiform,"  with  an  ovate  unseg- 
meoted  body,  an  unpaired  median  eye,  and  a  dorsal  shield  or 
carapace.  The  abdomen  terminates  in  a  movable  caudal  fork, 
and  there  is  neither  mouth  nor  alimentary  canal.  In  their 
second  stage  (as  so-called  "pup£e"J,  the  young  of  the  Rhizo- 
cephala are  enclosed  in  a  bivalve  shell,  the  foremost  pair  of 
limbs  constitute  peculiar  organs  of  adhesion  ("  prehensile  an- 
tenna" of  Darwin),  the  two  following  pairs  of  limbs  are  cast  off, 
and  six  pairs  of  powerful  biramose  natatory  feet  are  formed  on 
the  abdomen.  There  is  still  no  mouth.  The  "pupse"  now 
attach  themselves  to  the  abdomen  of  Crabs,  Porcella/m,  and 
Hermit-crabs ;  they  remain  astomatous ;  "  they  lose  aO  their 
limbs  completely,  and  appear  as  sausage-like,  sack-shaped,  or 
discoidal  excrescences  of  their  host,  filled  with  ova  ;  from  the 
point  of  attachment  closed  tubes,  ramified  like  roots,  sink  into 
the  interior  of  the  host,  twisting  round  its  intestine,  or  becom- 
ing diffused  amongst  the  sac-like  tubes  of  its  liver.  The  only 
manifestations  of  life  which  persist  in  these  non  plus  ultras  in 
the  series  of  retrogressively  metamorphosed  Crustacea  are 
powerful  contractions  of  the  roots,  and  an  alternate  expansion 
and  contraction  of  the  body,  in  consequence  of  which  water 
flows  into  the  brood-cavity,  and  is  again  expelled  through  a 
wide  orifice." — (Fritz  MuUer.)  The  branched  roots  of  the 
Rhizocephala  appear  to  be  the  homologues  of  the  "cement- 
ducts"  of  the  Cirripedia,  and  to  be,  therefore,  really  the 
antennie. 

Sub-class  II.  Cirripedia. — This  sub-class  includes,  amongst 
others,  the  common  Acom-shelis  and  the  Barnacles  or  Goose- 
mussels.  All  the  Cirripedia  are  distinguished  by  the  fact,  that 
in  the  adult  condition  they  are  permanently  fixed  to  some 
solid  object  by  the  anterior  extremity  of  the  greatly  metamor- 
phosed head ;  the  first  three  cephalic  segments  being  much 
developed,  and  enclosing  the  rest  of  the  body.     The  larva  is 

*  The  name  of  "Nauplius"  was  given  by  O.  F.  Mllller  to  the  unseg- 
mented  ovate  larva  of  the  lower  Crustmea,  with  a  median  frontal  eye,  but 
without  a  true  carapace  ;  and  this  name  may  !»  conveniently  employed  to 
designate  all  the  larval  forms  which  agree  in  these  characters. 
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free  and  locomotive,  and  the  subsequent  attachment,  and  con- 
version into  the  fixed  adult,  is  effected  by  means  of  a  pecuhar 
secretion,  or  cement,  which  is  discharged  through  the  antenna 
of  tlie  larva,  and  is  produced  by  a  special  cement-gland,  which 
is  really  a  portion  of  the  ovary.  In  the  Cirripedia,  therefore, 
the  head  of  the  adult  is  permanently  fixed  to  some  solid  object, 
and  the  visceral  cavity  is  protected  by  an  articulated  calcareous 
shell,  or  by  a  coriaceous  envelope.  The  posterior  extremity 
of  the  animal  is  free,  and  can  be  protruded  at  will  through  the 
orifice  of  the  shell.  This  extremity  consists  of  the  abdomen, 
and  of  six  pairs  of  forked,  ciliated  limbs,  which  are  attached  tc 
the  thorax,  and  serve  to  provide  the  animal  with  food.  The 
two  more  important  types  of  the  Cirripedia  are  the  Acom- 
shells  {Balanidd)  and  the  Barnacles  {Lepadida).  In  the  former 
the  animal  is  sessile,  the  larval  antennte,  through  which  the 
cement  exudes,  being  imbedded  in  the  centre  of  the  membran- 
ous or  calcareous  "basis"  of  the  shell.  In  the  latter  the 
animal  is  stalked,  and  consists  of  a  "  peduncle  "  and  a  "  capi- 
tulum."  The  peduncle  consists  of  the  anterior  extremity  of 
the  body,  with  the  larval  antennae  usually  cemented  to  some 
foreign  body.  The  capitulum  is  supported  upon  the  peduncle, 
and  consists  of  a  case  composed  of  several  calcareous  plates, 
united  by  a  membrane,  enclosing  the  remainder  of  the  animal. 
Before  giving  a  more  detailed  description  of  this  singular 
and  important  sub-class,  the  following  definition,  as  given  by 
Owen,  may  be  advantageously  appended  : — 

"  Bddy.  chitinous,  or  chitino-testaceons,  sub-articulated,  mostly  symme- 
trical,  with  aborted  antennae  and  eyes.  MimiA,  prominent,  composed  of  a 
labnim,  palpi,  two  mandibles,  and  two  pairs  of  maxillse.  Thorax,  attached 
to  the  sternal  internal  surface  of  the  carapace,  with  six  pairs  of  multiarti- 
culate,  biramous,  seligerous  limbs.  Abdomen,  rudimentary.  Vascular 
system  diffused  ;  white  blood.  Branchiie,  when  present,  attached  to  the 
inferior  lateral  part  of  the  surface.  Most  are  hermaphrodite  ;  a  few  have 
minute,  rudimentary,  male  individuals,  parasitically  attached  to  the  females. 
Penis,  proboscidiform,  multianicnlate,  attached  to  the  hinder  end  of  the 
abdomen.  No  oviducts.  Maamsrphosis  and  mdagenesis,  resulting  in  a 
permanent  parasitic  attachment  of  the  fully-developed  female  or  herma- 
phrodite individual." 

As  regards  the  development  of  the  Cirripedia,  the  larva  is  at 
first  a  "  Nauplius,"  with  an  unsegmented  pyrifonn  body,  a 
median  eye,  and  a  dorsal  shield  or  buckler.  Tlie  abdomen  is 
produced  beneath  the  anus  into  a  long  forked  caudal  appen- 
age,  and  there  is  a  long  spine  over  the  anus.  A  mouth,  intes- 
tine, and  vent  are  present.  After  several  moults  the  young 
Nauplii  become  "  pupae "  (fig.  64),  The  dorsal  shield  is 
folded  so  as  to  form  a  bivalve  sheU;  the  anterior  limbs  (anten- 
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nse)  are  transformed  into  prehensile  organs  ;  the  two  following 
pairs  of  limbs  are  cast  off;  and  six  pairs  of  strong,  biramose, 
natatory  feet  are  developed  upon  the  abdomen.  A  pair  of 
composite  eyes  are  present,  but  there  is  no  mouth.  Finally,  the 
pupse  fix  themselves  by  the  prehensile  antennas  to  rocks,  drift- 
wood, ships,  Sponges,  Cetaceans,  Turtles,  Crustaceans,  or  even 


VSg.  6(.~LocoaiaSve  "pvpa"  of  Balasus.    n  Eye ;  i  caudal  brisiJes; 

Jelly-fish.  The  prehensile  antenn'e  are  glued  down  perman- 
ently by  the  secretion  of  a  peculiar  cement  gland  The  cara- 
pace becomes,  as  a  rule,  the  seat  of  definite  calcifications,  by 
which  it  is  converted  into  a  multivalve  calcareous  "  test ; "  the 
mouth  is  developed,  and  the  six  pain  of  natatory  feet  are  con- 
verted into  long  jointed  "  cirri,"  by  which  food  is  conveyed  to 
the  mouth.  "  The  '  cement-ducts  '  can  be  traced  as  far  as  the 
third  or  '  disc-segment '  of  the  antennse.  There  the  cement 
seems  to  transude  and  fasten  down  the  disc ;  soon  both  anten- 
nae are  surrounded  by  a  common  border  of  cement,  which 
gradually  increases  in  extent  after  the  metamorphosis.  In  the 
X^as  fascicularis  the  cement  is  poured  forth  in  sufficient 
quantities  to  form,  itself,  the  substance  to  which  the  peduncle 
of  the  adult  barnacle  adheres,  and  for  a  cluster  of  which  bar- 
nacles it  constitutes  a  central  vesicular  float" — (Owen.)  The 
cement-gland,  as  shown  by  Darwin,  is  "  part  of,  and  continu- 
ous with,  the  branching  ovaria,"  and  the'  cement-ducts  open 
through  the  prehensile  antennse. 

The  form  of  the  adult,  as  already  said,  differs  considerably, 
but  the  two  most  important  types  are  those  presented  respec- 
tively by  the  Sessile  and  by  the  Pedunculated  Cirripedia. 

In  the  common  Acom-shells  {Salani,  fig.  65,  a)  the  anterior 
portion  of  the  head  is  not  elongated,  but  is  fixed  to  the  centre 
of  a  basal,  membranous,  or  shelly  plate,  termed  the  "basis," 
which  adheres  by  its  external  surface  to  some  solid  body. 
Above  the  basis  rises  a  more  or  less  limpet-shaped,  or  conical, 
shell,  which  is  open  at  the  top,  but  is  capable  of  being  com- 
pletely closed  by  a  pyramidal  lid,  or  "  operculum."     Both  the 
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shell  itself  and  the  operculum  are  composed  of  calcareous 
plates  usually  differing  from  one  another  in  shape,  and  dis- 
tinguished by  special  names.  Within  the  shell  the  animal  is 
fixed,  head  downwards-  The  thoracic  segments,  six  in  num- 
ber, bear  six  pairs  of  limbs,  each  of  which  consists  of  a  jointed 
protopodite  and  a  much  segmented  exopodite  and  endopo- 
dite,  both  of  which  are  ciliated,  and  constitute  the  so-called 
"  cirri,"  froM  which  the  name  of  the  sub-class  is  derived. 
These  twenty-four  cirri — the  "  glass  hand  "  of  the  Balanus — 
are  in  incessant  action,  being  protruded  from  the  opening  of 
the  shell,  and  again  retracted  within  it,  constantly  producing 
currents  of  water,  and  thus  bringing  food  to  the  animal.  There 
are-no  specialised  respiratory  organs  in  the  family  of  the  Bala- 
nidte.  Balani  sometimes  attain  a  very  considerable  size,  and 
Balanus  psittacus  is  largely  eaten  on  the  coast  of  Chili. 

In  the    Barnacles  {Lepadidm,  fig.    65,  b)    the    anterior  ex- 
tremity of  the  animal  is  enormously  elongated,  forming  with 
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the  prehensile  antenna;,  the  cement-ducts,  and  their*  exuda- 
tion, a  long  stalk  or  peduncle,  whereby  the  animal  is  attached 
to  some  solid  object  At  its  free  extremity  the  peduncle  bears 
the  "  capitulum,"  which  corresponds  to  the  shell  of  the  Bala- 
noids,  and  is  composed  of  various  calcareous  plates,  united 
together  by  a  membrane,  moved  upon  one  another  by  appro- 
priate muscles,  and  protecting  in  their  interior  the  body  of  the 
animal  with  its  appendages.  The  thorax  and  limbs  resemble 
those  of  the  Balanus;  but  "  slender  appendages,  which  from 
their  position  and  connections  are  homologous  with  the 
branchis  of  the  higher  Crustacea,  are  attached  to,  or  near  to, 
the  bases  of  a  greater  or  less  number  of  the  thoracic  feet,  and 
extend  in  an  opposite  direction  outside  the  visceral  sac." — 
(Owen.) 

All  the  Balanida:  are  hermaphrodite,  and  this  is  also  the 
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case  with  most  of  tlie  I.epadidm,  but  some  extraordinary 
exceptions  occm-  in  this  Jatter  order.  Thus,  in  some  species 
of  Scaipellum  the  individual  forming  the  ordinary  shell  is 
female,  and  each  female  has  two  males  lodged  in  transverse 
depressions  within  the  shell.  These  males  "are  very  singular 
bodies;  they  are  sac-formed,  with  four  bead-like,  rudimental 
valves  at  their  upper  ends ;  they  have  a  conspicuous  internal 
eye;  they  are  absolutely  destitute  of  a  mouth,  or  stomach,  or 
anus;  the  cirri  are  rudimenta!  and  furnished  with  straight 
spines,  serving  apparently  to  protect  the  entrance  of  the  sac ; 
the  whole  animal  is  attached  like  the  ordinary  Cirripede,  first 
by  the  prehensile  antennfe,  and  afterwards  by  the  cementing 
substance.  The  whole  animal  may  be  said  to  consist  of  one 
great  sperm-receptacle,  charged  with  spermatozoa;  as  soon  as 
these  are  discharged,  Che  animal  dies  " 

"  A  far  more  singular  fact  remains  to  be  told ;  Scalpellum 
vulgare  is,  like  ordinary  Cirripedes,  hermaphrodite,  but  the 
male  organs  are  somewhat  less  developed  than  is  usual ;  and, 
as  if  in  compensation,  several  shortlived  males  are  almost 
invariably  attached  to  the  occludent  margin  of  both  scuta.  .  .  . 
I  have  called  these  beings  complemental  males,  to  signify  that 
they  are  complemental  to  an  hermaphrodite,  and  that  they  do 
not  pair  like  ordinary  males  with  simple  females." — (Darwin.) 

Divisions  op  CiREirEDiA,— (After  Darwin.) 
Okder  I.  Thoracic  A. 

Carapace,  either  a  capitulum  on  a  pedicle,  or  an  operculaled  shell  with 
a  basis.  B  dy,  formed  gf  six  thoraac  s^ments,  genetally  fuinished  wilh 
six  pairs  of  limbs,  abdomen  rudimentary,  but  often  bearing  caudal  appen- 
dages. Mouth,  with  labrum  not  capable  of  independent  movemeiils. 
Larva,  fiistly  one  ejed,  with  three  pairs  of  legs;  lastly  two-eyed,  wilh  six 
pairs  of  lEgs 

Fam    I    Balamde 

Sessile,  without  a  peduncle  ;  scuta  and  terga  {forming  the  oper- 
culum) provided  nith  depressor  muscles  ;  the  rest  of  ihe  valves 
immoiably  united  together. 

Sessile.      Shell  asymmelncal,  with  scuta   and   terga,  which  are 
movable,  but  not  furnished  with  a  depressor  mnscle. 
Fam  3  Lepadids 

Pedunculated.  Ptduncle  flexible,  provided  wilh  muscles.  Scu[» 
and  terga,  when  present,  not  furnished  with  a  depressor  muscle. 
Other  valves,  when  present,  not  united  into  a  single  immovable 

Order  II.  Abdominal! a. 

Carapace  flask-shaped  ;  body  lormed  of  one  cephalic,  seven  thoracic, 
and  three  abdominal  segments,  the  latter  bearing  three  pairs  of  cirri,  but 
the  thoracic  segments  being  without  limbs.  Month,  with  the  labrum 
greatly  produced,  and  ciiDatde  of  independent  movements.     Larva,  firstly 
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t^-shaped,  wilhoiil  external  limbs,  or  an  eye ;  lastly  binocular,  without 
thoracic  limbs,  but  with  abdominal  appendages. 

Genus.      CryptopMalus. 
Okder-  III.  Apoda. 

Carapace,  reduced  to  two  separate  threads,  serving  for  attichmeni 
Body  consistine  of  one  cephalic,  seven  thoracic,  and  three  abdominal  seg- 
ments, all  destitute  of  cirri.    Mouth  suctorial. 

Genus.     Preteolefas. 


CHAPTER    X:^XIII. 

SUB-CLASS  ENTOMOSTRACA. 

Sub-class  III.  Entomostraca.  —  The  tenii  Entomostraca 
has  been  variously  employed,  and  few  authorities  include 
exactly  the  same  groups  of  the  Crustacea  under  this  name. 
By  most  the  division  is  simply  defined  as  including  all  those 
Crustacea  in  which  the  segments  of  the  thorax  and  abdomen, 
taken  together,  are  more  or  fewer  than  fourteen  in  number — 
the  parasitic  Epizoa  and  the  Cirripedia  being  excluded.  By 
Professor  Rupert  Jones  the  following  definition  of  the  Entomos- 
traca has  been  given  :— 

"Animal  aquatic,  covered  with  a  shell,  or  carapace,  of  a 
homy  consistency,  formed  of  one  or  more  pieces,  in  some 
genera  resembling  a  cuirass  or  buckler,  and  in  others  a  bivalve 
shell,  which  completely  or  in  great  part  envelops  the  body 
and  limbs  of  the  anioial.  In  other  genera  the  animal  is  invested 
with  a  multivalve  carapace,  like  jointed  plate-armour ;  the 
branchite  are  attached  either  to  the  feet  or  to  the  organs  of 
mastication  ;  the  limbs  are  jointed,  and  more  or  less  setiferous. 
The  ainimals,  for  the  most  part,  undergo  a  regular  moulting 
or  change  of  shell,  as  they  grow ;  in  some  cases  this  amounts 
to  a  species  of  transformation." 

The  Entomostraca  are  divided  into  two  great  divisions,  or 
"legions,"  the  Lophyropoda  and  the  Branchiopoda,  with  which 
the  order  Merostomata  may  be  conveniently  considered. 

Division  A.  Lophyropoda. — The  members  of  this  division 
possess  few  branchite,  and  these  are  attached  to  the  appen- 
dages of  the  mouth.  The  feet  are  few  in  number,  and  mainly 
subserve  locomotion ;  the  carapace  is  in  the  form  either  of  a 
shield  protecting  the  cephalo thorax,  or  of  a  bivalve  shell 
enclosing  the  entire  body.  The  mouth  is  not  suctorial,  but  is 
furnished  with  organs  of  mastication. 
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This    division   comprises    the    two   orders    Ostracoda  and 


*  I,  Ostracoda.^ Small  Crustaceans  having  the  entire 
body  enclosed  in  a  shell  or  carapace,  which  is  composed  of  two 
valves  united  along  the  back  by  a  membrane.  The  branchiie 
are  attached  to  the  posterior  jaws,  and  there  are  only  two  or 
three  pairs  of  feet,  which  subserve  locomotion,  but  are  not 
adapted  for  swimming.  A  distinct  heart  is  sometimes  present 
{Cy/>ridina),  but  is  more  usually  wanting  {C  p  '  and  C  tier) 

Little  is  known  of  the  development  o         0    a         bu    he 
young  of  Cypris  are  said  to  be  "  shell-b  a  ng  Na  p  u        n 
(Claus),  possessing  only  the  three  ant  n      p  nb     b 

protected  by  a  bivalve  shell.     As  in  N     p       h     h  d 

pair  of  limbs,  though  now  locomotive,  a  ra       y      n   orm  d 

into  the  mandibles.     They  pass  throu  h  e;       n    h 

complete  moults,  before  arriving  at  sexual  maturity.  Wi^ 
Cyihendcs,  on  the  other  hand,  have  at  birth  the  two  pairs  of 
antennae  and  tno  pairs  of  jaws,  with  three  pairs  of  rudimentary 
abdominal  limbs 

The  order  mcludes  the   Cypridss  (fig,  66,  a),  which  are  of 
almo'it  imiversal   orcurrence  in  fresh  water.      The  common 


Cypris  is  completely  protected  from  its  enemies  by  a  bivalve 
carapace,  which  it  can  open  and  shut  at  will,  and  out  of  which 
it  can  protrude  its  feet.  Locomotion  is  mainly  effected  by 
means  of  a  pair  of  caudal  appendages.  The  Cypris  is  ex- 
tremely prolific,  and  a  single  impregnation  appears  to  last  the 
female  for  its  entire  lifetime.  It  appears,  also,  that  the  young 
females,  produced  in  this  way,  are  capable  for  some  gener: 
of  producing  fresh  individuals  without  the  influence  of  a 
(parthenogenesis). 
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Order  II.  Copepoda. — Small  Crustaceans,  having  the  head 
and  thorax  covered  by  a  carapace,  and  furnished  with  five 
pairs  of  natatory  feet.  Usually  there  are  two  caudal  locomo- 
tive appendages.  A  distinct  heart  is  sometimes  absent  {as  in 
the  Cydopidm),  but  is  sometimes  present.  Both  marine  and 
fresh-water  Copepods  are  known. 

The  larvie  of  the  Copepods  are  Naupliiform,  with  unpaired 
eyes,  three  pairs  of  limbs  (the  future  antennae  and  mandibles), 
and  two  terminal  setse.  Next  the  maxillje  are  produced,  and 
then  three  other  pairs  of  limbs  {the  foot-jaws  and  the  two  front 
pairs  of  natatory  feet).  At  the  next  moult,  the  larva  assumes 
the  Cyclops  form,  but  has  at  first  much  fewer  limbs  and  somites. 

In  the  Cyclops  {fig.  66,  c),  which  is  one  of  the  commonest  of 
the  "  Water-fleas,"  the  cephalothorax  is  protected  superiorly  by 
a  carapace,  and  the  abdominal  somites  are  conspicuous.  In 
front  of  the  head  is  situated  a  single  large  eye,  behind  which 
are  the  great  antennas  and  the  antennules.  The  feet  are  five 
pairs  in  number,  each  consisting  of  a  protopodite  and  a  seg- 
mented exopodite  and  endopodite,  usually  furnished  with  hairs 
and. forming  an  efficient  swimming  apparatus.  The  young 
pass  through  a  metamorphosis,  and  are  not  capable  of  repro- 
ducing the  species  until  after  the  third  moult  or  change  of 
skin.  The  female  Cyclops  carries  externally  two  ovisacs,  in 
which  the  ova  remain  till  they  are  hatched.  A  single  congress 
with  the  male  is  apparently  sufficient  to  fertilise  the  female 
for  life. 

The  Copepoda,  or  Oar-footed  Crustaceans,  are  all  of  small 
size,  and  are  of  common  occurrence  in  fresh  water  in  all  parts 
of  Europe,  By  good  authorities  the  Ichihyophthira  are  re- 
garded as  merely  Copepoda  peculiarly  modified  to  suit  a  life  of 
parasitism. 

Division  B.  Branchiopoda. — The  Crustaceans  included  in 
this  division  have  many  branchiae,  and  these  are  attached 
to  the  legs,  which  are  often  numerous,  and  are  formed  for 
swimming.  In  other  cases  the  legs  themselves  are  flattened 
out  so  as  to  form  branchiae.  The  body  is  either  naked,  or  is 
protected  by  a  carapace,  which  may  enclose  either  the  entire 
body,  or  the  head  and  thorax  only.  The  mouth  is  provided 
with  oigans  of  mastication. 

The  Branchiopoda  comprise  the  Cladocera,  the  FhyUopoda, 
and  probably  the  Trilobita,  though  this  order  departs  in  many 
respects  from  the  above  definition.  The  Merostomata  may 
be  considered  along  with  these,  though  these,  too,  are  in  many 
respects  peculiar. 

Order  I,    Cladocera.  ^The  members  of  this  order  are 
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small  Crustaceans,  which  have  a  distinct  head,  and  have  the 
whole  of  the  remainder  of  the  body  enclosed  within  a  bivalve 
carapace,  similar  to  that  of  the  Ostracoda.  The  feet  are  few 
in  number  (usually  four,  five,  or  six  pairs),  and  are  mostly 
respiratory,  carrying  the  branchise.  Two  pairs  of  antennas  are 
present,  the  larger  pair  being  of  large  size,  branched,  and 
acting  as  natatory  organs.  The  Cladocera  quit  the  egg  with  the 
full  number  of  limbs  proper  to  the  adult. 

In  the  Daphnia  pukx  (fig.  66,  b),  or  "  branched -homed 
Water-fiea,"  which  occurs  commonly  in  our  ponds,  the  body 
is  enclosed  in  a  bivalve  shell,  which  is  not  furnished  with  a 
hinge  posteriorly,  and  which  opens  anteriorly  for  the  protrusion 
of  the  feet.  The  head  is  distinct,  not  enclosed  in  the  cara- 
pace, and  carrying  a  single  eye.  The  mouth  is  situated  on  tlie 
under  surface  of  the  head,  and  is  provided  with  two  mandibles 
and  a  pair  of  maxillfe.  The  gills  are  in  the  form  of  plates, 
attached  to  the  five  pairs  of  thoracic  legs.  The  males  are 
very  few  in  number,  compared  with  the  females,  and  a  single 
congress  is  all  that  is  required  to  fertilise  the  female  for  life. 
Not  only  is  this  the  case,  but  the  young  females  produced  from 
the  original  fecundated  female  appear  to  be  able  to  bring  forth 
young  without  having  access  to  a  male.  In  this  way  the  influ- 
ence of  a  single  fecundation  appears  to  be  transmitted  through 
several  generations.  Two  kinds  of  eggs  occur  in  Daphnia. 
In  the  first  of  these,  or  "summer  eggs,"  the  ova  (from  ten  to 
fifty  in  number)  are  deposited  in  an  open  space  between  the 
valves,  and  are  retained  there  till  the  young  are  ready  to  be 
hatched.  In  the  second  of  these,  or  "winter  eggs,"  the  ova 
(generally  two  in  number)  are  placed  in  a  peculiar  receptacle, 
which  is  formed  on  the  back  of  the  carapace,  and  is  called  the 
"  ephippium  "  or  saddle.  After  a  time  the  ephippiura  is  cast 
off,  and  floats  about  till  spring,  when  its  contained  eggs  are 
hatched  by  the  warmer  temperature  of  the  water. 

Order  II.  Phvllopoda.— Cnw/owa,  mostly  of  small  size, 
the  carapace  protecting  the  head  and  thorax,  or  the  body 
entirely  naked.  Feet  numerous,  never  less  than  eight  pairs, 
mostly  foliaceous  or  leaf-like,  branchial  in  function.  The  eyes 
sometimes  confluent,  sometimes  distinct  and  sub-pedunculate. 
There  are  two  homy  mandibles  without  palps,  and  the  first  pair 
of  feet  are  oar-like,  with  setiform  terminal  appendages.  The 
remaining  feet  are  branchial,  and  adapted  for  swimming.  The 
Phyllopods  undergo  a  metamorphosis,  the  youngest  forms  being 
"  Nauplii."  In  Nebalia,  however,  which  is  the  only  marine 
Phyllopod,  "  Zoea-stages  "  are  superadded  as  well. 

The  Pkyllopoda  are  chiefly  interesting  from  their  affinity  to 


Hosled  by  Google 


ANNULOSA  :   CRUSTACEA.  219 

the  extinct  Trilobites.  In  the  typical  genera  Limnadia  and 
Apus  the  body  is  protected  by  a  carapace,  which  is  bivalve 
in  the  former  and  shieid-like  in  the  latter.  In  Limnadia  the 
carapace  covers  the  greater  part  of  the  body,  and  opens  along 
the  ventral  margin.  There  are  from  18  to  30  pairs  of  mem- 
branaceous and  respiratory  feet.      In  Apus 


ciype  form  nd  cove  s  a  i  ort  o  of  1  e  abdomen  and  there 
are  s  \ty  p  ir  of  feet  o  h  ch  all  but  the  h  st  pair  are 
fol  aceo  s  Apu  s  greganous  firesh  ate  m  hab  t  and  otien 
found  n  great  numbers  n  j  00  s  and  d  ches  n  Europe.  The 
different  spec  es  of  Bra  /  /  have  the  body  u  protected  by 
any  carapa  e  and  axe  found  n  ponds  and  s  vamps  n  various 
parts  of  the  world  The  va  ouS  br  e  1  n  ps  (Arlemia) 
are  found      hab      g  the  bnne  pan  alt    ork     or  occur  in 

sal  lal.es  n  bo  h  hen  pi  eres  ben^  espec  ally  abundant  in 
G  eat  bait  Lake  n  L  ah 

Order  III.  Tkilobita.— Thib  order  is  entirely  extinct,  none 
of  its  members  having  survived  the  close  of  the  Paljeozoic 
period.  It  is  probable  that  the  Trilobites  should  be  placed 
near  the  Pkyllopoda;  but  their  exact  position  is  uncertain,  as, 
with  one  exception,  no  traces  of  any  appendages  of  any  kind, 
except  the  labrum,  have  hitherto  been  discovered  in  any  Tri- 
lobite. 

The  body  of  a  Triiobite  (fig.  68)  was  covered  with  a  "crust," 
or  exoskeleton,  which  shows  more  or  less  markedly  a  division 
into  three  longitudinal  lobes,  from  the  presence  of  which  the 
name  of  the  order  is  derived.  The  shell  is  composed  of  a 
cephalic  shield,  a  certain  number  of  free  and  movable  thoracic 
rings,  and  a-caudal  shield,  or  "pygidium,"  the  rings  of  which 
are  more  or  less  completely  anchylosed.  On  the  under  surface 
of  the  body  nothing  has  hitherto  been  discovered,  except  the 
''  hypostome,"  or  "  labrum,"  which  was  a  plate  placed  in  front 
of  the  mouth.  No  traces  of  ambulatory  or  natatory  limbs,  of 
branchije,  or  of  antennae,  have  ever  been  discovered.  The 
eyes,  when  present,  are  compound,  and  usually  sessile,  but 
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are  sometimes  supported  upon  projecting  processes  It  has 
generally  been  supposed  that  the  body  of  the  Trilobite  occupied 
the  medium  lobe  of  the  crust,  commencing  with  the  "  glabella  " 
in  front,  and  terminating  with  the  "  pygidium  "  behind,  whilst 
the  axial  lobes  protected  a  series  of  delicate  respiratory  feet; 
but  this  view  is  doubted  by  many  authorities,  and  the  question 
is  one  which  we  have  at  present  no  means  of  deciding.  Quite 
recently,  however,  a  specimen  of  a  Trilobite  has  been  discovered 
in  which  it  is  said  that  the  bases  of  the  legs  were  distinctly 
recognisable.  The  specimen  in  question  was  an  Asaphus; 
but  the  great  number  and  excellent  preservation  of  Trilobites, 
as  a  general  rule,  render  it  highly  probable  that  in  most  cases 
the  limbs  were  destitute  of  a  chitinous  exoskeleton,  and  were 
therefore  incapable  of  being  preserved  in  a  fossil  state.  Ac- 
cording to  Spence  Bate,  "  the  young  of  the  Trilobites  are  of 
the  NaBplius  form." 


The  cephalic  shield  of  a  typical  Trilobite  is  more  or  less  completely 
Bemicitcnlar  {fig.  68,  l),  and  is  compfsed  of  a  central  and  of  two  lattr-il 
pieces,  of  which  the  two  latter  may,  or  may  not,  be  united  together  m 
front  of  the  former. 

The  mediaji  portion  is  nsually  elevated  aboie  the  remainder  of  the 
cephalic  shield,  and  is  called  the  "glabella ,'  it  protected  the  region  of 
the  stomach,  and  is  usually  divided  mto  from  three  to  four  lobes  by  lateral 
grooves.  At  each  side  of  the  glabella,  and  contmuous  with  it,  is  a  small 
semicircular  area,  called  the  "fixed  cheelt  "  The  glabella  with  the  "fixed 
cheeks"  is  separated  from  the  lateral  portions  of  the  cephalic  shield- 
termed  the  "movable"  or  "free  cheeks  ' — by  a  pemliar  suture  or  line 
of  division,  which  is  known  as  the  "ftcial  suture,"  and  is  quite  unknonn 
amongst  recent  Cruskicm,  except  for  a  faint  indication  m  the  Limubis,  and 
more  or  less  doubtful  traces  in  certain  other  forms  The  movable  cheeks 
bear  the  eyes,  which  are  generally  crescentic  or  reniform  in  shape,  are 
rarely  peduncnlated,  and  con'nst  of  an  aggregation  of  facets  covered  by  a 
Ihin  cornea.      The  facial  sutures  ma>   join  one  another  in  front  of  the 
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glabella— in  which  rase  the  free  cheeks  will  form  a  single  piece— or  they 
may  cut  the  anterior  margin  of  the  shield  separately— in  which  case  the 
free  cheeks  will  be  discontinuous.  The  posterior  angles  of  the  free  cheeks 
are  often  produced  into  long  spines. 

Behind  the  cephalic  shield  comes  the  (horix,  composed  of  a  variable 
number  of  eegmenls,  which  are  not  soldered  logether,  but  are  capable  of 
free  moljon  upon  one  another,  so  as  to  allow  the  animal  to  toll  itself  up 
after  the  manner  of  a  wood-louse,  or  hedgeboe.  The  thorax  is  usually 
strongly  trilobed,  and  each  tborax-ring  shows  the  same  trilobalion,  being 
composed  of  a  central,  more  or  less  strongly  convex,  portion,  called  the 
"  axis,"  and  of  two  flatter  side-lobes,  called  the  "  pleura;." 

The  "pj^idium,"  or  "tail,"  is  usually  ttilobed  also,  and,  like  the  thorax, 
consists  of  a  median  axis  and  of  a  marginal  limb,  the  composition  of  the 
whole  out  of  anchylosed  segments  being  shown  by  the  existence  of  axial 
and  pleural  grooves. 

Order  IV.  MEROSTOMAXA.^The  members  of  this  order 
are  Crustaeea,  often,  of  gigantic  size,  in  which  the  mouth  is 
furnished  with  mandibles  and  maxillie,  the  terminations  of 
which  become  walking  or  swimming  feet,  and  organs  of  pre- 
hension. 

This  order  comprises  the  recent  King  Crabs,  and  the  extinct 
Pterygoii  and  Eurypieri. 

Sub-order  i.  Xiphosura.- — "  Crustacea  having  the  anterior 
segments  welded  together  to  form  a  broad  convex  buckler, 
tjpon  the  dorsal  surface  of  which  are  placed  the  compound 
eyes  and  ocelli;  the  fonner  sub-centrally,  the  latter  in  the 
centre  in  front.  The  mouth  is  furnished  with  a  small  labrum, 
a  rudimentary  metastoma  and  six  pairs  of  appendages.  Pos- 
terior segments  of  the  body  more  or  less  free,  and  bearing 
upon  their  ventral  surfaces  a  scries  of  broad  lamellar  appen- 
dages; the  telson,  or  terminal  segment,  ensiform."— (Henry 
Woodward.) 

The  Xiphosura  include  no  other  recent  forms  than  the 
Limuli  (King  Crabs,  or  Horse-shoe  Crabs)  (fig.  69).  They 
are  distinguished  by  the  possession  ai  six  pairs  of  chelate  limbs, 
plaad  round  the  mouth,  having  their  bases  spinous  and  officiating 
as  Jaws.  Six  other  pairs  of  foliaceous  appendages  are  attached 
to  the  abdomen,  and  the  last  five  of  these  carry  branchite. 
The  body,  which  is  often  of  great  size,  when  viewed  from  above 
exhibits  a  division  into  three  portions  : — (i)  An  anterior  semi- 
circular shield,  which  carries  two  compound  and  two  simple 
eyes  ;  (2)  a  posterior,  irregularly  hexagonal  shield,  which  covers 
the  abdomen ;  and  (3)  a  long,  sword-like  telson,  articulated  to 
the  dorsal  buckler,  and  giving  the  name  to  the  sub-order. 

The  chief  features,  therefore,  which  characterise  the  Limulus 
are  as  follows :— i.  The  possession  of  six  pairs  of  appendages 
which  are  placed  round  the  mouth,  have  their  bases  spinous, 
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act  as  jaws,  and  2iave  their  free  extremities  developed  into 
claws ;  2.  'ITie  possession  of  six  abdominal  pairs  of  appendages, 
expanded  for  swimming,  and  carrying  the  gills  ;  3.  The  posses- 
sion of  a  semicircular  buckler,  covering  the  cephalothorax,  and 
carrying  the  eyes  upon  its  upper  surface  ;  4.  The  possession  of 
a  second  buckler,  or   "  operculum,"  covering  the  abdomen ; 


upper  surface  ;  d  "  Operculnn^'  coret- 
iQ^lbe  reproductive  organs;  ^Branchial 
plates :  a  Firat  pm  of  anteuaie  ^ntea- 

tfae  aperture  of  the  mouth  aurrounded 
by  the  siuny  bases  of  the  remaiobig  five 
uin  of  sppendBse^  which  are  reiiuded 
bj-  Woodwatd  asbdni;  TespecdvelyJrDQi 
before  Inckwards,  the  great  aDtennSj  the 


■Eurypterida,    Pttrygotiis  Atc- 
^  ,.,...  H_  woodwaidX 

«  «  The  mandibSi,  the  fu^t  and  li- 
eood  iDaxi]lK;_  n  n  Tlie  maxlllipedes ; 


J   pla«,  . 


istly  there 


5.  The  presence  of  a  long,  sword-shaped  telson,  or  tail-spine, 
articulated  to  the  dorsal  shield. 

The  larvaJ  Limulus  does  not  possess  the  ensiform  post-anal- 
spine  of  the  adult,  and  is  further  stated  to  show  a  decided  re- 
semblance to  the  Trilobites, 
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The  King-crabs  are  found  in  tlie  Indian  and  Japanese  Seas, 
on  the  coasts  of  North  America,  and  in  the  Antilles.  They 
sometimes  attain  a  large  size,  and  both  the  eggs  and  the  flesh 
are  eaten  by  the  Malays. 

Sub-order  2.  Eurvpterida. — "Crustacea  with  numerous, 
free,  thoracico-abdominal  segments,  the  first  and  second  (?)  of 
which  bear  one  or  more  broad  lamellar  appendages  upon  their 
ventral  surface,  the  remaining  segments  being  devoid  of  appen- 
dages J  anterior  rings  united  into  a  carapace,  bearing  a  pair  of 
larval  eyes  {ocelli)  near  the  centre,  and  a  pair  of  large,  mar- 
ginal, or  sub-central  eyes ;  the  mouth  furnished  with  a  broad 
post-oral  plate,  or  metastoma,  and  five  pairs  of  movable  appen- 
dages, the  posterior  of  which  form  great  swimming-feet ;  the 
telson,  or  terminal  segment,  extremely  variable  in  form ;  the 
integument  characteristically  sculptured."- — (Henry  Woodward.) 

The  EurypUrida  are  all  extinct,  and  are  entirely  confined  to 
the  Palfeozoic  period.  Many  of  them  attained  to  a  compara- 
tively gigantic  size;  Pterygotus  Anglieus  (fig.  70)  being  sup- 
posed to  have  reached  a  length  of  probably  six  feet.  In  their 
characters  they  present  many  larval  features ;  resembling  the 
larvEe  of  the  Decapoda  especially  in  the  fact  that  all  the  free 
somites  of  the  abdomen  (except  the  two  anterior  ones)  were 
totally  devoid  of  appendages. 


CHAPTER    XXXIV. 
MALACOSTRACA. 


Sub-class  IV.  Malacostraca.— The  Crttslacm  of  this  sub- 
class are  distinguished  by  the  possession  of  a  generally  definite 
number  of  body-segments ;  seven  somites  going  to  make  up 
the  thorax,  and  an  equal  number  entering  into  the  composir 
tion  of  the  abdomen  (counting,  that  is,  the  telson  as  a  somite). 
The  MalacostrMa  are  divided  into  two  primary  divisions, 
termed  respectively  the  Edriophthalmata  and  the  Podophthal' 
mata  according  as  the  eyes  are  sessile,  or  are  supported  upon 
eye^  talks. 

Division  A.  Edriophthalmata. — This  division  comprises 
those  MaJacostraca  in  which  the  eyes  are  sessile,  and  the  body 
is  mostly  not  protected  by  a  carapace.  It  comprises  the  three 
orders,  Lamodipoda,  Isopoda,  and  Antphipoda.  The  eyes  are 
generally  compound,  but  sometimes  simple,  and  are  placed  on 
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the  sides  of  the  head.  The  head  is  almost  always  distinct 
from  the  body,  and  the  mandibles  are  often  furnished  with  a 
palp.  Typically  there  are  seven  pairs  of  feet  in  the  adu!t, 
hence  this  division  is  called  Telradecapoda  by  Agassiz.  In 
certain  Isopods  (Tanais)  alone  is  there  a  carapace. 

Order  I.  L.1!modipoda. — The  Lamodipoda  are  small  Crus- 
taceans, which  are  distinguished  amongst  the  Edriophthalmata 
by  the  rudimentary  condition  of  the  abdomen.  The  first 
tlioracic  segment  is  amalgamated  with  the  head,  and  the  limbs 
of  this  segment  appear  to  be  inserted  beneath  the  head,  or,  as 
it  were,  beneath  the  throat  {fig.  7 1) ;  hence  the  name  given  to 
the  order.  The  respiratory  organs  are  in  the  form  of  two  or 
three  pairs  of  membranous  vesicles  attached  to  the  segments 
of  the  thorax,  or  to  the 
bases  of  the  legs.  The 
last  pair  of  feet  are  either 
inserted  at  the  end  of  the 
last  somite,  or  are  followed 
by  not  more  than  one  or 
Fig.  71,— Lamodipo-ia.  c/  fh  m  t  o  sn  all  Segments  Thee 
are  four  seta  eou  antennfe 
and  the  mandibles  are  1  out  palps  The  b  dy  s  gene 
rally  linear,  of  eight  or  n  ne  jo  nts  but  s  somet  mes  oval 
The  feet  are  hooked.  The  Zcemodpodi  are  all  mar  ne  and 
one  section  of  the  order  con  pnses  part  t  c  Crustacea  s  of 
which  the  Whale-louse  {Cja  s  Cei)  the  n  ost  fam  )  ar 
The  entire  order  is  now  generally  regar  le  1  as  be  ^  me  I 
a  section  of  the  Amphpod 

Order  II.  Amphipoda^ — The  members  of  tl  order  re 
semble  those  of  the  preced  ng  n  the  n-it  e  of  he  resp  r  to  y 
organs,  which  consist  of  me  br  nous  vescles  at  ach  d  to  tl  e 
bases  of  the  thoracic  1  n  bs  The  first  thonc  c  egment  how 
ever,  is  distinct  from  the  lead  anj  the  abd  ne  s  well 
developed,  and  is  composed  of  seven  segments.  Tliere  are 
seven  pairs  of  thoracic  limbs,  directed  partly  forwards,  and 
partly  backwards,  the  name  of  the  order  being  derived  from 
this  circumstance.  As  in  the  lamodipoda,  the  heart  has  the 
form  of  a  long  tube  extending  through  the  six  s^ments  follow- 
ing the  head,  and  having  the  blood  admitted  to  its  interior  by 
tliree  pairs  of  valvular  fissures.  The  three  posterior  pairs  of 
abdominal  limbs  are  bent  backwards,  and  form,  with  the  tel- 
son,  a  natatory  or  saltatorial  tail.  The  young  Amphipod 
acquires  its  full  number  of  segments  and  limbs  before  its 
liberation  from  the  e^ ;  and  as  a  rule  the  young  undergo 
little  or  no  metamorphosis  in  reaching  maturity. 
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All  the  Amphipoda  are  small,  the  "Sand-hopper"  {Talifrm 
iocusta,  fig.  72)  and  the  "  fresh-water  Shrimp"  {Gammarus puiex) 
being  two  of  the  commonest  forms.  The  Sand-hoppers  and 
Gammari  swim  on  their  side  when  in  the  water,  and  tie  former 
leap  with  great  activity  on  land. 


Ordi;r  III.  IsoPODA.-— In  this  order  the  head  is  always  dis- 
tinct from  the  segment  bearing  the  first  pair  of  feet.  The 
respiratory  organs  are  not  thoracic,  as  in  tjie  two  preceding 
orders,  but  are  attached  to  the  inferior  surface  of  the  abdomen, 
and  consist  of  branchia;,  which  in  the  terrestrial  species  are 
protected  by  plates  which  fold  over  them.  The  thorax  is  com- 
posed of  seven  segments,  bearing  seven  pairs  of  limbs,  which, 
in  the  females,  have  marginal  plates  attached  to  their  bases, 
and  serving  to  protect  the  ova.  The  number  of  segments  in 
the  abdomen  varies,  but  is  never  more  than  seven.  The  eyes 
are  two  in  number,  formed  of  a  collection  of  simple  eyes,  or 
sometimes  truly  compound.  The  heart  is  sometimes  an  elon- 
gated tube,  with  three  pairs  of  fissures  (as  in  the  Amphipoda), 
sometimes  short  or  spherical,  removed  towards  the  abdomen, 
and  with  more  or  fewer  fissures  than  the  above.  The  young 
Isopod  is  developed  within  a  larval  membrane,  destitute  of  ap- 
pendages. After  a  time  this  membrane  bursts,  and  liberates 
the  young,  which  resembles  the  adult  in  most  respects,  but 
possesses  only  six  instead  of  seven  pairs  of  limbs.  Of  the 
members  of  this  order,  many  are  aquatic  in  their  habits,  and 
are  often  parasitic,  but  others  are  terrestrial. 

By  Milne-Edwards  the  Isopeda  are  divided  into  three  sec- 
tions, termed  respectively,  from  their  habits,  the  Natatorial, 
Sedentary,  and  Cursorial  Isopods.  In  the  Natatorial  Isopoda 
the  extremity  of  the  abdomen  and  the  last  pair  of  abdominal 
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legs  are  expanded  so  as  to  form  a  swimming- tail.  Some  of 
this  section  are  parasitic  upon  various  fishes  {Cymothoa),  whilst 
others  are  found  in  the  sea  {Spharoma).  In  the  Sedentary 
■■  the  animals  are  all  parasitic,  with  short,  incurved, 
hooked  feet.  This  section 
includes  the  single  family  of 
the  Bopyrida,  all  the  species 
of  which  live  parasitically 
either  in  the  gili-chambers, 
or  attached  to  the  ventral 
surface,  of  certain  of  the 
Decapod  Crustacea,  such  as 
tiie  Shrimps  I^Crango/ies)  and 
the  Falmmones. 

Tlie  Cursorial,  or  run- 
ning, Isopads  mostly  live 
upon  the  land,  and  are 
therefore  destitute  of  swim- 
ming-feet. The  most  famil- 
iar examples  of  this  section 
are  the  common  Wood-lice 
{Onisois).  Here,  also,  be- 
longs tlie  little  Limnoria 
terebrans,  so  well  known  for 
the  destruction  which  it  pro- 
duces by  boring  into  the 
wood-work  of  piers  and  other  structures  placed  in  the  sea. 
Other  well-known  Isopods  are  the  Water-slaters  (Asellus)  of 
fresh  waters,  the  Rock-slaters  {Ligia)  of  almost  all  coasts,  the 
Box-slaters  {Idothea),  the  Shield-slaters  (Cassidma),  and  the 
Cheliferous  Slaters  [Tanais).  These  last  are  remarkable  as 
being  the  only  Isopods  in  which  there  is  a  carapace.  The 
lateral  parts  of  the  carapace  are  highly  vascular,  and  respira- 
tion is  effected  by  these,  and  not  by  the  abdominal  feet. 

Many  Isopods  undei^o  an  extensive  metamorphosis.  "  In 
some  Fish-lice  (Cymothoa)  the  young  are  lively  swimmers,  and 
the  adults  are  stiff,  heavy,  stupid  fellows,  whose  short  clinging 
feet  are  capable  of  little  movement."  In  the  Bopyritliz  the 
adult  females  are  usually  blind,  the  antennse  are  rudimentary, 
and  the  abdominal  appendages  from  natatory  become  respira- 
tory organs.  The  males,  on  the  other  hand,  are  dwarfed,  and 
sometimes  lose  all  the  abdominal  appendages,  and  all  traces  of 
segmentation ;  until  we  get  forms  which,  like  Crypimiscus  pla- 
narioides^  "  would  be  regarded  as  a  Flat-wonn  rather  than  an 
Isopod,  if  its  eggs  and  young  did  not  betray  its  Crustacean 
nature," — (Fritz  Miilier). 
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Division  B.  Podophthalmata.— The  members  of  this  di- 
vision have  compound  eyes  supported  upon  movable  stalks  or 
peduncles,  and  the  body  is  always  protected  by  a  cephalotho- 
racic  carapace.  Most  of  the  Podophtkalma  pass  through  Zoca- 
stages  in  their  development.  Il  comprises  the  two  orders 
Stomapoda  and  Dempoda,  of  which  the  latter  includes  all  the 
highest  and  most  familiar  examples  of  the  class  Crustacea. 

Order  I.  Stomapoda.— In  this  order  there  are  generally 
from  six  to  eight  pairs  of  legs,  and  the  branchis,  when  present, 
are  not  enclosed  in  a  cavity  beneath  the  thorax,  but  are  either 
suspended  beneath  the  abdomen,  or,  more  rarely,  are  attached 
to  the  thoracic  legs.  The  shell,  also,  is  thin,  and  often  mem- 
branous. From  all  the  preceding  orders  the  Stomapoda  are,  of 
course,  distinguished  by  the  possession  of  pedunculate  eyes. 
The  development  of  the  Stomapoda  would  appear  to  be  by 
means  of  "  Zock." 

All  the  Stomapods  are  marine,  and  the  Locust  Shrimp 
{Squilla  mantis)  may  be  taken  as  a  good  example  of  the  order. 
In  this  Crustacean  the  carapace  is  small,  and  the  posterior 
half  of  the  thorax  is  unprotected.  Several  of  the  anterior  ap- 
pendages are  developed  into  powerfully  prehensile  and  hooked 
feet.  The  branchise  are  attached  to  the  first  five  pairs  of  ab- 
dominal feet.  The  three  posterior  thoracic  and  the  abdominal 
appendages  are  in  die  form  of  "  swimmerets,"  and  the  tail  is 
expanded  into  a  powerful  fin.  Besides  the  Locust  Shrimps, 
the  order  includes  the  Glass  Shrimps  {Erichihys)  and  their 
allies,  and  the  Opossum  Shrimps  (Mysts). 

Order  II.  Decapoda. — The  members  of  this  order  are  the 
most  highly  organised  of  all  the  Crustacea,  as  well  as  being 
those  which  are  most  familiarly  known,  the  Lobsters,  Crabs, 
Shrimps,  &c.,  being  comprised  under  this  head.  For  the  most 
part  tiiey  are  aquatic  in  their  habits,  and  they  are  usually  pro- 
tected by  strong,  resisting  shells.  There  is  always  a  com- 
plicated set  of  "  gnathites,"  or  appendages  modified  for  mas- 
ticatory purposes,  surrounding  the  mouth.  The  ambulatory 
feet  are  made  up  of  five  pairs  of  legs  (hence  the  name  of  the 
order),  the  first  pair — and  often  some  other  pairs  behind  this 
— being  "  chelate,"  or  having  their  extremities  developed  into 
nipping- claws.  The  branchise  are  pyramidal,  and  are  con- 
tained in  cavities  at  the  sides  of  the  thorax.  The  carapace  is 
large,  covering  the  head  and  thorax,  and  the  anterior  part  of 
the  abdomen.  The  heart  of  the  Decapoda  is  in  the  fonn  of  a 
more  or  less  quadrate  sac,  furnished  with  three  pairs  of  valvular 
openings.  As  regards  the  development  of  the  Decapods  enor- 
mous differences  obtain,  even  amongst  forms  very  closely 
allied  to  one  another. 
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The  Decapoda  are  divided  into  three  tribes,  termed  respec- 
tively the  Macrura,  Anomura,  and  Brachyura,  and  character- 
ised by  the  nature  of  the  abdomen. 

Tribe  A.  Macruea. — The  "  long-tailed"  Decapods  included 
in  this  tribe  are  distinguished  by  the  possession  of  a  well-de- 
veloped abdomen,  often  longer  than  the  cephalothorax,  the 
posterior  extremity  of  which  forms  a  powerful  natatory  oigan 
or  caudal  fin.  As  regards  the  development  of  the  Macrura, 
most  appear  at  first  in  the  form  of  "  Zoeffi ;  *  but  there  is  little 
metamorphosis  in  the  common  Lobster,  and  there  is  said  to  be 
none  in  the  Cray-fish  {Astacus  fluviatilis)  and  in  one  of  the 
Land -crabs  {Gecarcinus).  Fritz  Muller,  again,  has  shown 
that  the  primitive  form  of  one  of  the  Shrimps  (Pcnetes)  is  that 
of  a  "  naupliuB."  This  section  comprises  the  Lobster,  Cray- 
fish, Shrimp,  Praivn,  &c.,  of  which  the  lobster  may  be  taken  as 

In  the  Lobster  (fig.  74)  the  somites  of  the  head  and  thorax 
are  amalgamated  into  a  single  mass,  the  "  cephalothorax," 
covered  by  a  carapace  or  shield,  which  is  developed  from  "  the 
lateral  or  epimeral  elements  of  the  fourth  cephalic  ring,  which 
meet  along  the  back,  and  give  way  preparatory  to  the  moult. 
The  tergal  elements  of  the  thoracic  rings  are  not  developed  in 
either  Crabs  or  Lobsters;  when  these  rings  are  exposed  by 
lifting  up  the  cephalothoracic  shield,  the  epimeral  parts  alone 
are  seen,  conver^ng  obliquely  towards  one  another,  but  not 
joined  at  their  apices." — (Owen.) 

The  first  segment  of  the  head  bears  the  compound  eyes, 
which  are  supported  upon  long  and  movable  eye-stalks  or 
peduncles.  Behind  these  come  two  pairs  of  jointed  tactile 
organs,  the  larger  called  the  "great  antennie"  (fig.  74^11),  the 
smaller  the  "antennules"  (a).  The  mouth  is  situated  on  the 
under  surface  of  the  front  of  the  head,  and  is  provided  from 
before  backwards  with  an  upper  lip  ("  labrum"),  two  "  mandi- 
bles," two  pairs  of  "  maxillEe,"  three  pairs  of  "  maxillipedcs" 

"  The  young  Decapod,  in  most  cases,  leaves  the  efig  in  a  larval  form  so 
different  10  the  adult  that  it  was  originally  described  as  a  distinct  anirnal 
under  the  name  of  Zsea.  In  this  stage  (tig.  76)  the  thoracic  segments 
with  the  five  pairs  of  legs  proper  to  the  adult  are  either  wanting  or  arc 
quite  rudimentary.  The  abdumen  and  tail  are  without  ^ppenAages,  aivil 
the  lat  .er  is  composed  of  a  suigle  piece.  The  fool-jaws  are  in  the  form  1 1 
natatory  forked  feet,  and  (he  mandible  has  no  palp.  lastly,  there  are  ri) 
branchiie,  and  respiratio.i  is  carried  on  by  (he  lateral  parts  of  the  carapace. 
The  "  Zoea  "  is  separated  from  the  "  naaplius  "  by  having  a  segmented 
hody,  lat^e  paired  eyes  (sometimes  with  a  median  eye),  and  a  carapace. 
The  form  proper  to  the  adult  is  not  attained  until  after  several  moults, 
constituting  a  genuine  metamorphosis,  though  one  which  is  effected  by  very 
gradual  stages. 
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or  "foot-jaws,"  and  a  bifid  lower  lip,  or  "  metastoma,"  The 
five  remaining  segments  of  the  thorax  carry  the  five  pairs  of 
ambulatory  legs,  of  which  the  first  (fig.  74,  r)  constitute  the 
great  claws,  or  "  chelfe ; "  the  next  two  pairs  (2  and  3)  are  also 


Pta.  74.— Macnua.  Common  Lobster  (//™n™i  ™%aWi>.  ..  FinI  pair  ofleg^ 
cons^nilioE  the  great  chelz  or  Dipping-claws :  2,  Second  pair  of  legs,  also  chelate ; 
3    Third  pair  oflegs,  also  chelate ;  4  and  5.   Last  two  pairs  of  ambulalory  legs,  »-iih 


chelate,  though  much  smaller ;  and  the  last  two  pairs  are  ter- 
minated by  simply  poihted  extremities.  The  segments  of  the 
abdomen  carry  each  a  pair  of'natatory  limbs,  or  "  swimmerets," 
the  last  pair  being  greatly  expanded,  and  constituting,  with  the 
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"  telson,"  a  powerful  caudal  fin.  Most  posteriorly  of  alt  is  the 
post-anal  plate,  or  "  telson,"  which  may  be  looked  upon  either 
as  an  azygos  appendage,  or  as  a  terminal  segment  which  has 
no  lateral  appendages. 

The  mouth  leads  by  a  short  cesophagus  into  a  globose 
stomach,  in  the  cardiac  portion  of  which  is  a  calcareous  appa- 
ratus for  tritarating  the  food,  which  is  commonly  called  the 
"lady  in  the  lobster."  The  intestine  is  continued  backwards 
f  om  tl  e  tomach  without  convolutions,  and  the  anal  aperture 
s  s  ua  d  just  in  front  of  the  telson.  There  is  also  a  well- 
de  op  d  liver,  consisting  of  two  lobes  which  open  by  separate 
du  he  intestine. 

Tl  1  art  is  situated  dorsally,  and  consists  of  a  single  poly- 
gonal con  actile  sac,  which  opens  by  valvular  apertures  into 
a  surround  ng  venous  sinus,  inappropriately  called  the  "  peri- 

d  u  n  The  heart  is  filled  with  oxygenated  blood  derived 
f  om  1  gills,  and  propels  the  aerated  blood  through  every 
art  o  he  body.  The  gills  (fig.  62,  3,^)  are  pyramidal  bodies 
atta  \  ed  o  the  bases  of  the  legs,  and  protected  by  the  sides  of 
the  carapace.  They  consist  eadi  of  a  central  stem  supporting 
numerous  laminse,  and  they  are  richly  supplied  with  blood,  but 
are  not  ciliated.  The  water  which  occupies  the  gill-chambers 
is  renovated  partly  by  the  movements  of  the  legs,  and  partly 
by  the  expanded  epipodlte  of  the  second  pair  of  maxillas, 
which  constantly  spoons  out  the  water  from  the  front  of  the 
branchial  ctiamber,  and  thus  causes  an  entry  of  fresh  water  by 
the  posterior  aperture  of  the  cavity. 

The  nervous  system  is  of  the  normal  "  homogangliate"  type, 
consisting  of  a  longitudinal  series  of  ganglia  of  different  sii:es, 
united  by  commissural  cords,  and  placed  along  the  ventral  sur- 
face of  the  body.  The  organs  of  sense  consist  of  the  two  com- 
pound eyes,  the  two  pairs  of  antennae,  and  two  auditory  sacs. 

The  sexes  are  invariably  distinct,  and  the  generative  pro- 
ducts are  conveyed  to  the  exterior  by  efferent  ducts,  which 
open  at  the  base  of  one  of  the  pairs  of  thoracic  legs.  The 
ovum  is  "  meroblastic,"  a  portion  only  of  the  vitellus  under- 
going segmentation.  The  neural  side  of  the  body— that  is  to 
say,  the  ventral  surface — appears  on-  the  surface  of  the  ovum, 
so  that  the  embryo  is  built  up  from  below,  and  the  umbilicus 
is  situated  posteriorly. 

Tribe  B.  Anomuka.- — The  'Decapods  which  belong  to  this 
tribe  are  distinguished  by  the  condition  of  the  abdomen,  which 
is  neither  so  well  developed  as  in  the  Macrura,  nor  so  rudi- 
mentary as  in  Crabs.  Further,  the  abdomen  does  not  termi- 
nate posteriorly  in  a  caudaJ  fin,  as  in  the  Lobster,      The 
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development  in  the  Anomura  appears  invariably  to  take  place 
through  Zoea-foims. 

The  most  familiar  of  the  Anomura  are  the  Hermit-crabs 
{Pagurida).  In  the  common  Hermit-crab  {Pagurus  Bernhar- 
dus)  the  abdomen  is  quite  soft  and  is  merely  enclosed  in  a 
raembr^ne  so  thit  the  animal  is  compelled  to  protect  itself  by 
adoptmg  the  emptj  shell  of  some  Mollusc  such  as  the  common 
^^helk  which  it  changes  at  will  when  too  small  The  Hermit 
is  provided  with  a  termma!  caudal  sucker  and  with  two  or 
three  pairs  of  rudimentary  feet  de\t.Ioped  upon  the  ibdomen 
by  means  of  which  he  retains  his  position  withm  his  borrowed 
dwelling  Ihe  abdominal  appendices  howe\er  are  mostly 
unsj mmttrica!      Iht  cirvpace  ts  not  strong  but  the  claws  are 


iveil  developed,  one  being  always  larger  than  the  <Kher.  OtJier 
fonns  of  the  Anomura  are  the  Sponge-crabs  {Dromid),  the 
Crab-lobsters  {Porceilana),  and  the  Tree-crabs  (Birgus). 

Tribe  C.  Brachyura. — The  "  short-taiied  "  Decapods,  or 
Crabs,  axe  distinguished  from  the  two  preceding  tribes  by  th? 
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rudimentary  condition  of  the  abdomen,  whiLh  is  \ery  short, 
and  is  tucked  up  beneath  the  cephalo thorax,  the  latter  being 
disproportionately  large.  The  extremity  of  the  abdomen  is 
not  provided  with  any  appendage,  and  it  is  merely  employed 
by  the  female  to  carry  the  ova  The  Crabs  (fig  75)  are  mostly 
furnished  with  ambulatory  limbs,  and  are  rarely  formed  for 
swimming,  most  of  them  being  httor-il  in  their  habits,  and  some 
even  living  inland. 

In  ill  the  essentiil  points  of  their  anatomy  the  Crabs  do  not 
differ  from  the  Lobster  and  the  other  Mat-rma  but  they  are 
decidedly  higher  in  their  oi^imsition  Thi';  is  especially  seen 
in  the  dispos  tion  of  the  nervous  system  the  ventral  gingln 
in  the  Crab  being  concentrated  into  a  sm^le  large  ganglion 
from  which  nervous  filaments  are  sent  to  all  parti  of  the  body 
In  the  Land-crabs  i^Gecamnus)  respiration  is  b\  branch  x 
but  theie  is  almost  alwa>s  an  aperture  1  eh  id  the  carapace  for 
the  admission  of  air  They  ire  distr  buted  over  the  warm 
countries  of  the  Old  and  Nev  Worlds  as  well  as  Australia 
rhey  are  essentially  terrestrial  in 
their  habits,  and  migrate  m  large 
bodies  to  the  sea,  in  order  to  lay 
their  eggs.  Besides  the  true  Gecar- 
cini,  members  of  other  verj-  different 
families  live  more  or  less  constantly 
on  dry  land,  and  have  air  admitted 
directly  into  the  branchial  chamber. 
Amongst  these  are  the  Calhng-crabs 
{Gdasimus),  the  Frog-crabs  (Rani- 
na),  and  the  Sand-crabs  (Ocypoda), 

Reproduction  in  the  Crabs  is  the 
same  as  in  the  Macrura,  but  the 
Fia.  jfi— Larva  (z«fl)  of  Crab  larva  is  exceedingly  unlike  the  adult, 
fiod'^^^jfttr  KTn'^i^'''''  ™^''  ^"*^  approximates  closely  to  the  type 
of  the  Miurura,  another  proof  that 
the  Brachyura  stand  higher  in  the  Crustacean  scale.  The 
larval  Crab  was  originally  described  as  a  distinct  animal,  under 
the  name  of  Zoea  (fig.  76),  presenting  in  this  condition  a  long 
and  well-developed  abdomen.  It  is  only  after  several  succes- 
'sive  moults  that  the  young  Crab  assumes  its  characteristic 
BrachyuTous  form,  and  acquires  by  gradual  changes  the  features 
which  distinguish  the  adult  The  Zoea  of  the  Crabs  are  usually 
distinguished  by  the  possession  of  long  spines  developed  from 
the  carapace.  When  first  liberated  from  the  egg,  the  Zoea  is 
enveloped  in  a  larval  skin  or  membrane,  which  is  shed  in  a 
few  hours. 
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CHAPTER    XXXV. 

DISTRIBUTION  OF  THE  CRUSTACEA. 

Distribution  or  Crustacea  in  Space. — The  following  gene- 
ral principles  have  been  laid  down  by  Milne-Edwards  with 
regard  to  the  geographical  distribution  of  the  Crustacea: — 

1.  The  different  forms  and  modes  of  organisation  of  tht 
Crustacea  are  more  varied  and  numerous  in  proportion  as  we 
pass  from  the  polar  regions  towards  the  equator. 

2.  The  number  of  different  species  is  not  only  greater,  but 
the  number  of  types  is  greater  in  warm  regions  as  compared 
with  cold. 

3.  The  higher  Crustacea  are  either  entirely  wanting  or  are 
sparingly  represented  in  the  colder  regions  of  the  globe,  but 
increase  rapidly  in  relative  numbers  as  the  equator  is  ap- 
proached. 

4.  The  size  attained  by  the  Crustacea  is  greater  on  the  aver- 
age in  warm  regions  than  in  colder  climates. 

5-  The  special  points  of  structure  which  are  characteristic 
of  the  different  groups  of  Crustacea  are  more  strongly  mani- 
fested in  the  warmer  regions  of  the  globe. 

6.  There  exists  a  decided  relation  between  the  temperature 
of  any  given  region  and  the  character  of  its  Crustacean  fauna ; 
similar  gaieric  forms  being  usually  found  occupying  regions  of 
the  same  climatal  character. 

Distribution  of  Crustacea  in  TiME.-r-The  class  Crustacea 
is  largely  represented  in  past  time,  ranging  from  the  Cambrian 
Rocks  up  to  the  present  day.  The  oldest  families  of  the  Crus- 
tacea are  the  Trilobita  and  the  Euryptcrida,  both  of  which  are 
exclusively  PalsEOzoic,  and  died  out  at  the  close  of  the  Car- 
boniferous epocli.  It  is  worthy  of  notice  how  larval  are  the 
characters  of  these  ancient  groups  when  compared  with  their 
modern  successors.  Of  the  remaining  orders  the  Ch-ripedia, 
Ostracoda,  and  Phyllopoda  are  the  three  which  are  most  largely 
represented. 

I.  Cirripedia. — The  Cirripedes  are  hardly  known  as  Palseo- 
zoic  fossils,  but  valves  of  a  singular  member  of  this  order  {Tur- 
rikpas)  have  been  found  in  the  Silurian  Rocks  of  Scotland, 
With  this  exception,  the  Cirripedes  are  entirely  confined  in 
past  time  to  the  Secondary  and  Tertiary  epochs.  The  £ala~ 
nida  are  the  most  common,  commencing,  as  far  as  is  yet 
known,  in  the  Eocene  period,  and  attaining  their  maximum  in 
recent  seas.     The  VerruddiE  commence  in  the  Chalk,  and  the 
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Lepadidm  begin  still  lower,  in  the  Jurassic  Rocks,  ^nd  attain 
their  maximum  of  development  in  the  Cretaceous  epoch. 

2.  Ostracoda. — Small  Ostracode  Crustacea  are  extremely 
abundant  as  fossils  in  many  formations,  and  extend  from  fhe 
Lower  Silurian  period  up  to  the  present  day, 

3.  Phyllopoda. — Remains  of  Crustaceans  supposed  to  belong 
to  this  order  are  found  in  the  Paleozoic  Rocks.  Hymenocaris 
is  found  in  the  Upper  Cambrian,  Caryocaris  in  the  Lower 
Silurian,  Ceratiocaris  in  the  Upper  Silurian,  and  Dithyrocaris 
in  the  Carboniferous  Limestone.  All  these  forms,  with  other 
similar  ones,  are  believed  to  be  most  closely  allied  to  the  recent 
Apus  and  Nebalia. 

4.  Trilobita. — The  Trilobites  are  exclusively  Paljeozoic  fos- 
sils. In  the  Upper  Cambrian  Rocks — the  so-called  "  primor- 
dial zone  "^there  occurs  a  singular  group  of  Trilobites— the 
so-caited  primordial  Trilobites — distinguished  by  the  posses- 
sion of  many  larval  characters.  In  the  Lower  and  Upper 
Silurian  Rocks  the  Trilobites  attain  their  maximum  of  devel- 
opment. They  are  still  well  represented  in  the  Devonian 
Rocks ;  but  they  die  out  completely  before  the  close  of  the 
Carboniferous  epoch,  being  represented  in  the  Mountain  Lime- 
stone by  three  genera  only  {Phillipsta,  Brachymdopus,  and 
Griffithides). 

5.  Eurypterida. — These,  like  the  last,  are  entirely  Paljeozoic, 
attaining  their  maximum  in  the  Upper  Silurian  and  Devonian 
formations,  and  dying  out  in  the  Carboniferous  Rocks.  Ptery- 
j»/wf,.£'Kriiei'traj,and5//OTD»/iiarethemost  characteristic  genera. 

6.  Xiphosura. — The  genus  Limulus  commenced,  as  far  as  is 
yet  known,  in  the  Permian  period,  and  has  survived  up  to  the 
present  day.  Its  first  appearance,  therefore,  was  just  at  the 
close  of  the  Palteozoic  epoch.  The  two  remaining  genera, 
which  constitute  with  Limulus  this  sub-order  (viz.,  Bdiniirus 
and  Frestwichia),  are  Palseozoic,  and  are  not  known  to  occur 
out  of  the  Carboniferous  Rocks. 

7.  Isopoda. — The  earliest  known  Isopod  is  the  Prosoponiscus 
of  the  Permian  Rocks. 

8.  Stomapoda.—'Yh\s  order  is  doubtfully  represented  in  the 
Carboniferous  Rocks. 

9.  Decapoda. — The  Decapods,  with  the  exception  of  a  single 
doubtful  form  from  the  Carboniferous  Rocks,  are  not  known  to 
have  existed  at  all  during  the  Palseozoic  period ;  but  they  are 
well  represented,  in  all  their  three  tribes,  in  the  Secondary  and 
Tertiary  epochs,  attaining  their  maximum  at  the  present  day. 
The  London  Clay  (Eocene)  is  especially  rich  in  the  remains 
of  Mafrura  and  Brachyura. 
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CHAPTER  XXXVI. 

ARACHNIDA. 

Class  II.  Arachnida.— The  Arachnida — including  the  Spi- 
ders, Scorpions,  Miles,  &c.— possess  almost  ali  the  essential 
characters  of  the  Crustacea,  to  which  they  are  very  closely 
allied.  Thus,  the  body  is  divided  into  a  variable  number  of 
somites,  some  of  which  are  always  provided  with  articulated 
appendages,  A  pair  of  ganglia  is  primitively  developed  in 
each  somite,  and  the  neura!  system  is  placed  ventrally.  The 
heart,  when  present,  is  always  situated  on  the  opposite  side  of 
the  alimentaiy  canal  to  the  chain  of  ganglia.  The  respiratory 
organs,  however,  whenever  these  are  differentiated,  are  never 
in  the  form  of  branchiffi  as  in  the  Crustacea,  but  are  in  the  form 
either  of  pulmonary  vesicles  or  sacs,  or  of  ramified  tubes, 
formed  by  an  involution  of  the  integument,  and  fitted  for 
breathing  air  directly.  Further,  there  are  never  "  more  than 
four  pairs  of  locomotive  limbs,  and  the  somites  of  the  abdomen, 
even  when  these  are  well  developed,  are  never  provided  with 
limbs;"  the  reverse  being  the  case  amongst  the  Crustacea. 
Lastly,  "in  the  h\^&c  Arachnida,  as  in  the  higher  Crustacea, 
the  body  is  composed  of  twenty  somites,  six  of  which  are  al- 
lotted to  the  head;  but,  in  the  former  class,  one  of  the  two 
normal  pairs  of  antennas  is  never  developed,  and  the  eyes  are 
always  sessile;  while,  in  the  higher  Crustacea,  the  eyes  are 
mounted  upon  movable  peduncles,  and  both  pairs  of  antennte 
are  developed." — (Huxley.) 

The  head  in  the  Arachnida  is  always  amalgamated  with  the 
■  thorax,  to  form  a  "cephdothorax;"  the  integument  is  usually 
chitinous,  and  the  locomotive  limbs  are  mostly  similar  in  form 
to  those  of  insects,  and  are  usually  terminated  by  two  hooks. 

In  many  of  the  Arachnida  the  integument  remains  soft  over 
the  entire  body;  in  othecs,  as  in  the  majority  of  Spiders,  the 
abdomen  remains  sofi  and  flexible,  whilst  the  cephalothoras  is 
more. or  less  hard  and  chitinous;  in  the  Scorpions,  again,  the 
integument  over  the  whole  body  forms  a  strong  chitmous  shelL 

The  typical  somite  of  the  Arachnida  is  constituted  upon 
exactly  the  same  plan  as  that  of  the  Crustacta,  consisting 
essentially  of  a  dorsal  and  ventral  arc ,  the  former  composed 
of  a  central  piece,  or  "tergum,"  and  of  two  lateral  pieces,  or 
"  epimera ;"  whilst  the  latter  is  made  up  of  a  median  "  ster- 
num" and  of  two  lateral  "epistema" 

As  regards  the  composition  of  the  cephalothorax  of  Spiders, 
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"the  tergal  elements  of  the  coalesced  segments  are  wanting, 
and  the  back  of  the  thorax  is  protected  by  the  elongation,  con- 
vergence, and  central  confluence  of  the  epimeral  pieces ;  the 
sternal  elements  have  coalesced  into  the  broad  plate  in  tJie 
centre  of  the  origins  of  the  ambulatory  legs,  from  which  it  is 
separated  by  the  epistemal  elements The  non-devel- 
opment of  the  tergal  elements  explains  the  absence  of  wings." 
—{Owen.) 

The  mouth  is  situated,  in  ah  the  Araehnida,  in  the  anterior 
segment  of  the  body,  and  is  surrounded  by  suctorial  or  masti- 
catory appendages.  In  the  higher  Arachmda,  the  mouth  is 
provided  from  before  backwards  with  the  following  appendages 
(fig.  77,  4).  I.  A  pair  of  "mandibles,"  used  for  prehension. 
2.  A  pair  of  "  maxillje,"  each  of  which  is  provided  with  a  long 
jointed  appendage,  the  "maxillary  palp."  3.  A  lower  lip,  or 
"  labium."  In  the  Scorpion,  an  upper  lip,  or  "  labrum,"  is 
also  present. 

In  the  Spiders  (fig.  77, 4)  each  mandible  terminates  in  a  sharp 
movable  hook,  which  possesses  an  aperture  at  its  extremity 
communicating  by  a  canal  with  a  gland,  which  Is  placed  in  the 
preceding  joint  of  the  mandible,  and  secretes  a  poisonous 
fluid.  The  maxillary  palps  in  the  Spiders  are  long,  Jointed 
appendages,  terminated  in  the  females  by  pointed  claws,  but 
frequently  swollen,  and  carrying  a  special  sexual  apparatus  in 
the  males. 

In  the  Scorpions  (fig.  77,  i)  the  mandibles  are  short,  and 
terminate  in  strong  pincers,  or  "  chelicerEe."  The  maxillary 
palpi  are  also  greatly  developed,  and  constitute  powerful 
grasping-claws,  or  "chelffi."  In  the  genus  Galeodes,  the  man- 
dibles, like  those  of  the  Scorpion,  constitute  "  chelicerje," 
though  comparative  h       g     and  b 

lary  palps  are  not  de       p  d  h   se 

With  regard  to  an        je    h  g         is 

in  the  Arachnida.  g      ra      b  d  h 

mandibles  of  the  ^  oc  ar      rul        m      g  h 

parts  which  bear  th  m  h       h     Art     p        b 

of  the  antenna.     Th  se  h       p  d  rs 

converted  into  prehe  d    tf  h 

Scorpions,  as  in  the  K    g  h  d 

ping-claws,  or  chel<c 

In  the  lower  Ar  h  h 

essentially  the  same  h     h  m  p 

sheath,  formed  byth        bm       dmxi-e      h         hn 
diblea  are  often  join  d      g    h  p 

lancet. 
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llie  mouth  opens  into  a  pharynx,  which  is  of  remarkably 
small  calibre  in  the  true  spiders,  all  of  which  live  simply  on 
the  juices  of  their  prey.     The  intestinal  canal  is  usually  short 


FjEr  77. — MorphoJoey  of  AracbnidjL     X.   Organs  of  iht  moo 

fi  M^xillaiy  palpi  greatly  deroioped,  and  forming  strong  cH 
Scorpnon,  3.  Otte  of  the  abdominal  segmenta  of  the  Scorpi 
mala,"  or  apizliurcs  dT  the  pnlmonary  sacs.  4.  TigrHir-- 
SpiderCmale),  viewed  frnrafclonr:  J  Sr' "  " 


HI  Mandibles  with  their  perforated 


and  straight,  no  convolutions  intervening  between  the  mouth 
and  the  aperture  of  the  anus.  Often,  however,  lateral  cfeca 
are  appended  to  the  alimentary  tube.  Salivary  glands  are  also 
present,  as  well  as  ramified  tubes,  supposed  to  perform  the 
functions  of  a  kidney,  and  to  correspond  to  the  "  Malpighian 
vessels  "  of  Insects. 

The  circulation  in  the  Arachnida  is  maintained  by  a  dorsal 
heart,  which  is  situated  above  the  alimentary  canal.  Usually 
the  heart  is  greatly'  elongated,  and  resembles  the  "  dorsal 
vessel "  of  the  Inseda.  In  the  lower  Arachnida,  however,  there 
is  no  central  organ  of  the  circulation,  and  there  are  no  differ- 
entiated blood-vessels.  Ail  the  Arachnida  breathe  the  air 
directly,  and  the  respiratory  function  is  performed  by  the 
general  surface  of  the  body  (as  in  the  lowest  members  of  the 
class),  or  by  ramified  air-tubes,  termed  "tracheas,"  or  by  dis- 
tinct pulmonary  chambers  oi*  sacs ;  or,  lastly,  by  a  combination 
of  trachea  ^d  pulmonary  vesicles.  The  "  trachese  "  consist  of 
ramified  or  fasciculated  tubes,  opening  upon  the  surface  of  tlie 
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body  by  distinct  apertures,  called  "stigmata."  The  walls 
of  the  tube  are  generally  prevented  from  collapsing  by  means 
of  a  chitinous  fibre  or  filament,  which  is  coiled  up  into  a  spiral, 
and  is  situated  beneath  their  epithelial  lining.  The  pulmonary 
sacs  are  simple  involutions  of  the  integument,  abundantly  sup- 
plied with  blood ;  the  vascular  surface  thus  formed  being  in- 
creased in  area  by  the  development  of  a  number  of  close-set 
membranous  lamellK,  or  vascular  plates,  which  project  into 
the  interior  of  the  cavity.  Like  the  trachece,  the  pulmonary 
sacs  communicate  with  the  exterior  by  minute  apertures,  or 
"stigmata"  (fig.  77,  3). 

The  nervous  system  is  of  the  normal  articulate  type,  but  is 
often  much  concentrated.  In  the  Spiders  there  is  a  cephalic 
or  "  cerebral  "  ganglion,  a  large  thoracic  ganglion,  and  in  some 
instances  a  small  abdominal  ganglion.  In  some  of  the  lower 
forms  the  articulate  type  of  nervous  system  is  lost,  and  there  is 
merely  a  ganglionic  mass  which  is  traversed  by  the  gullet.  In 
none  of  the  Araiknida  are  compound  eyes  present,  and  in  none 
are  the  eyes  supported  upon  foot-stalks.  The  organs  of  vision, 
when  present,  are  in  the  form  of  from  two  to  eight  simple  eyes, 
or  "ocelli." 

In  all  the  Arachnida,  -with  the  exception  of  the  Tardigrada, 
the  sexes  are  distinct.  The  great  majority  of  the  Arachttula 
are  oviparous,  and  in  most  cases  the  larvie'  are  like  the  adult  in 
all  except  in  size.  In  some  cases,  however  {Acarinti),  the 
larvfe  have  only  six  legs,  and  do  not  attain  the  proper  four 
pairs  of  legs  until  after  some  moults. 

The  Arachnida  may  be  divided  into  two  great  sections  or 
sub-classes — viz.,  the  Tra^hearia,  in  which  respiration  is  elTected 
by  the  general  surface  of  the  body,  or  by  trachese,  and  there 
are  never  more  than  four  ocelh ;  and  the  Pulmonaria,  in  which 
respiration  is  effected  by  pulmonary  sacs,  either  alone*  or  com- 
bined with  trache<e,  and  there  are  six  or  more  eyes. 


CHAPTER  XXXVII. 

DIVISIONS    OF  THE  ARACHNIDA. 

Division  A.  Trachearia. — Respiralion  aiianeous,  or  by  trachea. 
Eyes  nei'er  more  thanfottr  In  number. 

The  Trae/iearia  comprise  three  orders — viz.,  the  Podosomata, 
the  Aearina  or  Monomerosomata,  and  the  Addarthrosovwta. 
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Order  I.  Podosomata  {Pantopoda). — The  members  of  this 
order,  sometimes  called  "  Sea-spiders,"  have  been  placed  alter- 
nately amongst  the  Araehnida  and  the  Crustacea,  their  true 
position  being  rendered  doubtful  by  the  fact  that,  though 
marine  in  their  habits,  they  possess  no  differentiated  respira- 
tory organs.  They  possess,  however,  no  more  than  four  pairs 
of  legs,  and  would  therefore  appear  to  be  properly  referable 
to  the  Arachnida.  The  commoner  forms  of  the  Podosomata 
(such  as  Nymphon  and  Pycnogonum)  may  be  found  on  the  sea- 
coast  at  low  water,  crawling  about  amongst  marine  plants  or 
hiding  beneath  stones.  Some  species  of  the  tatter  genus  are 
asserted  to  be  parasitic  upon  fishes  and  other  marine  animals, 
but  the  common  British  species  {P.  liltorale)  is  free  when 
adult,  and  does  not  appear  to  be  parasitic  at  any  stage  of  its 
existence  (fig.  78,  a).  The  legs  consist  of  four  pairs,  some- 
times greatly  exceeding  the  body  in  length,  and  sometimes 
containing  csecal  prolongations  of  the  digestive  cavity  for  a 
portion  of  their  length.  The  mouth  is  provided  with  a  pair  of 
"chelicerEe,"  or  chelate  mandibles,  and  with  two  well-developed 
maxillary  palpi,  behind  which  in  the  female  are  a  pair  of  false 
legs  which  carry  the  ova.  The  abdomen  is  rudimentary. 
Though  there  are  no  respiratory  organs,  there  is  a  distinct 
heart.     The  sexes  are  in  different  individuals. 

Order  II.  Acarina  or  Monomerosomata.— -The  members 
of  this  order  possess  an  unsegmented  abdomen  which  is  fused 
with  the  cephalothorax  into  a  single  mass.  RespiratioQ  is 
effected  by  traches.  Most  of  the  Acarina  are  parasitic,  and 
the  most  familiar  are  the  Mites  and  Ticks. 

Family  i.  LinguatuKna  or  Pmtastoviida. — The  members  of 
this  family  are  singular  vermiform  animals,  found  as  parasites 
in  the  frontal  sinuses  and  lungs  of  some  Vertebrates.  In  their 
adult  condition  they  possess  no  external  organs  except  two 
pairs  of  hooks,  representing  limbs,  placed  near  the  mouth. 
They  thus  closely  approximate  to  the  Taniada,  beside  which 
they  have  been  generally  placed.  In  the  young  condition, 
however,  they  possess  four  articulated  legs,  and  even  in  the 
adult  state  the  characters  of  the  nervous  system  are  higher 
than  those  of  the  S^oledda.  There  are  no  differentiated  organs 
of  respiration,  and  there  are  no  circulatory  organs,  but  the 
sexes  are  distinct. 

Family  2.  Macrobiotid/e  {Tardigrada  or  Ardisca).  —  The 
"Sloth"  or  "Bear  animalcules,"  which  compose  this  family, 
are  microscopic  animals,  very  much  like  Rotifers,  found  in 
damp  moss  and  in  the  gutters  of  houses.  The  nervous  system 
consists  of  four  ganglia,  and  there  is  a  suctorial  mouth,  with 
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rudimentary  jaws  or  stilets.  The  abdomen  is  undeveloped, 
and  there  are  four  pairs  of  rudimentary  legs.  They  exhibit 
no  fraces  of  either  circulatory  or  respiratory  organs,  and  the 
sexes  are  united  in  the  same  individual. 

Family  3.  Acarida.—'Vhis  family  includes  the  Mites,  Ticks, 
and  Water-mites,  sorce  of  which  are  parasitic,  whilst  others 
are  free,  and  some  are  even  aquatic  in  their  habits.  The  mouth 
is  formed  for  suction.  There  is  no  definite  line  of  demarcation 
between  the  unsegmented  abdomen  and  the  cephalothorax. 

In  the  true  Acari  (fig.  78,  &),  of  which  the  Cheese-mite  may 
be  taken  as  an  example,  there  are  four  pairs  of  legs,  adapted 
for  walking,  and  the  mouth  is  provided  with  distinct  mandibles. 
Besides  the  Cheese-mite  {A.  domestiais),  another  well  known 
species  is  the  Acarus  destructor,  which  feeds  upon  various  zoo- 
logical specimens,  and  is  very  annoying  to  the  naturalisL  In 
the  Sarcoptes  scabiei — the  cause  of  the  skin-diseELse  known  as 
the  "  itch  " — the  two  anterior  pairs  of  legs  are  provided  with 
suckers,  and  the  two  posterior  are  terminated  by  bristles  ;  the 
mouth,  also,  is  furnished  with  bristles.  In  the  Ticks  (Ixoiies) 
the  mouth  is  provided  with  a  beak,  or  "  rostrum,"  which  en- 
ables them  to  pierce  the  skin,  and  retain  their  hold  firmly.  In 
the  Hydrachnidcs  (fig.  78,  i),  or  Water-mites,  the  head  is  fur- 


Fig.  73.. 

nished  with  two  or  four  ocelli,  and  there  are  four  pairs  of  hairy 
natatory  legs.  They  are  parasitic,  during  at  least  a  portion  cf 
their  existence,  upon  Water-beetles  and  other  aquatic  insects. 
They  pass  through  a  metamorphosis,  the  larva  being  hexapod, 
or  having  only  three  pairs  of  legs.  The  Garden-mites  {Trom- 
bidid^)  and  Spider-lnites  {Ganasidce)  live  upon  plants;  the 
Wood-mites  {Oribatida)  and  Harvest-ticks  {Leptidm)  are  to  be 
found  amongst  moss  and  herbage,  or  creeping  upon  trees  or 
stones;  whilst  the  true  Ticks  (/wiZ/dfe)  attach  themselves  ixira- 
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$itically  by  means  of  their  suctorial  mouth  to  the  bodies  of 
various  Mammals,  such  as  sheep,  oxen,  dogs,  &c.  Several 
Mites  {TAalassaracAna,  Pontarachna,  &c.}  have  been  found  to 
inhabit  salt  water,  an(l  several  species  of  Trombidida  live  habit- 
ually between  tide-marks. 

Another  member  of  the  Acarina  is  the  curious  little  Demodex 
folliculoriim,  which  is  found  in  the  sebaceous  follicles  of  man, 
especially  in  the  neighbourhood  of  the  nose.  It  is  probable 
that  very  few,  if  any,  individuals  are  exempt  from  this  harm- 
less parasite. 

Order  III.  Adelarthrosomata.  —  The  members  of  this 
order,  comprising  the  Harvest-spiders,  the  Book-scorpions,  &c., 
are  distinguished  from  the  preceding  by  the  possession  of  an 
abdomen,  which  is  more  or  less  distinctly  segmented,  but 
generally  exhibits  no  line  of  separation  from  the  cephalothorax, 
the  two  regions  being  of  equal  breadth  and  conjoined  together. 
The  mouth  is  furnished  with  masticatory  appendages,  and 
respiration  is -effected  by  trachea,  which  open  on  the  lower 
surface  of  tlie  body  by  two  or  four  stigmata. 

Fajnily  r.  PAalangidce. — The  well  known  "Harvest-spiders" 
belong  to  this  family.  They  are  characterised  by  the  great 
length  of  the  legs,  and  by  the  filiform  maxillary  palpi,  termi- 
nated by  simple  hooks. 

Family  2.  Pseudoscorpionidce  ^Ckehjeridm).  —  The  "Book- 
scorpion"  [Chelifer)  is  a  common  little  animal  in  old  books. 
It  is  distingiiished  by  the  fact  that  the  maxillary  palpi  are  of 
laJ^e  size,  and  are  converted  into  nipping-claws  or  chelte,  thus 
giving  the  animal  the  appearance  of  a  Scorpion  in  miniature. 

Family  3.  Soipugidx. — In  this  family  the  abdomen  is  not 
only  very  distinctly  segmented,  but  is  also  clearly  separated 
from  the  abdomen.  The  mandibles  in  Galeodes,  which  is  the 
type  of  the  group,  are  chelate,  but  the  maxillary  palpi  consti- 
tute long  feet 

Division  B.  Pulmonaria. — Respiration  by  pulmonary  sacs 
alone,  or  by  pulmonary  sacs  conjoined  "with  irac/tex.  Eyes  six 
or  more  in  number.  Abdomen  usually  distinct  from  the  cepltalo- 
thorax. 

This  division  comprises  the  higher  Arachnida,  such  as  the 
Scorpions,  and  the  majority  of  what  are  commonly  known  as 
Spiders ;  the  fonner  constituting  the  order  of  the  Pedipalpi, 
the  latter  that  of  the  Araneida  or  Dimerosomaia. 

Order  I.  Pedipalpt. — In  this  order  are  the  true  Scorpions, 
together  with  certain  other  ammils  which  are  in  some  respects 
intermediate  between  the  bcorpions  and  the  ti-ue  Spiders. 
I'he  members  of  this  order  ire  distmguished  by  the  fact  that 
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the  abdomen  in  all  is  distinctly  segmented,  but  is  not  separated 
from  the  cephalothorax  by  a  well-marked  constriction.  They 
agree  in  this  character  with  the  Addarthrosomata ;  hence  the 
two  are  sometimes  united  into  a  single  order  {Arfhrogaslra), 
but  they  are  separated  by  the  nature  of  the  respiratory  organs, 
the  latter  breathing  by  tracheae,  and  not  by  pulmonary  sacs. 

Family  i.  Scarpiomdce. — ^The  Scorpions  are  amongst  the  best 
known  of  the  Arachmda,  as  well  as  being  amongst  the  largest. 
They  are  distinguished  by  their  long,  distinctly  segmented  ab- 
domen, terminating  in  a  hooked  claw  (figs.  77,  79),  This  claw, 
which  is  really  a  modified  "telson,"  is  the  chief  offensive  weapon 
of  the  Scorpion,  and  is  perforated  at  its  point  by  the  duct  of  a 
poison-gland  which  is  situated  at  its  base.  The  abdomen  is 
composed  of  twelve  somites,  but  there  is  no  evident  bne  of  de- 
marcation between  this  region  and  the  cephalothorax.  The 
thoracic  segments  carry  four  pairs  of  ambulatory  feet.  There 
are  six,  eight,  or  twelve  simple  eyes.     The  maxillary  palpi  are 


-Scorpion  (.cc 


greatly  developed,  and  constitute  strong  nipping  -  claws,  or 
"chelje"  (figs.  77,  79).  The  mandibles  (antenna)  also  form 
claws,  or  "chelicera;,"  The  respiratory  organs  are  in  the 
form  of  pulmonary  sa';s,  four  on  each  side,  opening  upon  the 
under  surface  of  the  abdomen  by  as  many  stigmata,  each  of 
which  is  surrounded  by  a  raised  margin,  or  "peritrema"  (fig. 
77.  3)- 

The  Scorpions  are  mostly  inhabitants  of  warm  regions,  and 
their  sting,  though  much  exaggerated,  is  of  a  very  severe 
nature.  They  live  under  stones  or  in  dark  crevices,  and  run 
swiftly,  carrying  the  tail  curved  over  the  back.  They  feed  on 
Insects,  which  they  hold  in  the  chelate  palpi  and  sting  to 
death. 

Family  2.    TAelyp^omda.— The  members  of  this  family  in 
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CKternal  appearance  closely  resemble  the  true  Spiders,  from 
which  they  are  separated  by  the  possession  of  a  segmented 
abdomen,  and  long  spinose  palpi,  and  by  the  absence  of  spin- 
nerets. They  are  distinguished  from  the  Scorpionidee  by  the 
amalgamation  of  the  head  and  thorax  into  a  single  mass,  which 
is  clearly  separated  from  the  abdomen  by  a  slight  constriction, 
as  well  as  by  the  fact  that  the  maxillary  palpi  terminate  in 
movable  claws  instead  of  chelse.  Further,  the  extremity  of 
the  abdomen  is  not  furnished  with  a  terminal  hook,  or  "sting." 

Order  II.  Aeaneida  or  Sph,Erogastra — This  order  in- 
qludes  the  true  Spiders,  which  are  characterised  by  the  amal- 
gamation of  the  cephalic  and  thoracic  segments  into  a  single 
mass,  and  by  the  generally  soft,  unsegmenCed  abdomen,  attached 
to  the  cephalothorax  by  a  constricted  portion,  or  peduncle. 
Respiration  is  effected  by  pulmonary  sacs  usually  in  combina- 
tion with  trachese  (Hence  the  name  Pulmotratheaf  ia,  some 
times  applied  to  the  order )  The  number  of  the  pulmonary 
sacs  is  smaller  m  the  true  Spiders  than  in  the  Scorpions,  bemg 
either  two  or  four,  opening  by  as  many  stigmata  upon  the 
under  surface  of  the  abdomen 

The  head  bears  from  six  to  ei^ht  simple  ej  es ,  the  man 
dibles  are  simply  hooked,  and  ire  perforated  by  the  duct  of 
a  gland  which  secretes  a  poisonous  fluid  j  and  the  maxillary 
palpi  are  never  chelate 

Spiders  (hg  80)  are  all  predaceous  animils,  and  many  of 
them  possess  the  power  of  construct  ng  webs  for  the  capture 


of  their  prey  or  tor  lining  their  abodes  For  the  production 
of  the  web,  Spiders  are  furnished  with  special  glinds,  situated 
at  the  extremity  of  the  abdomen  The  secretion  of  these 
glands  is  a  viscid  fluid  which  hardens  rapidl)  on  exposure  to 
air,  and  which  is  cast  into  its  proper,  thread-like  shape,  by 
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being  passed  through  what  are  called  the  "  spinnerets."  Tliese 
are  little  conical  or  cylindrical  organs,  four  or  six  in  number, 
situated  below  the  extremity  of  the  abdomen.  The  excretory 
ducts  of  the  glands  open  into  the  spinnerets,  each  of  which 
has  its  apex  perforated  by  a  great  number  of  minute  tubes, 
through  which  the  secretion  of  the  glands  has  to  pass  before 
reaching  the  air.  Many  spiders,  however,  do  not  construct 
any  web,  unless  it  be  for  their  own  habitations,  but  hunt  their 
prey  for  themselves. 

As  regards  the  reproductive  process  in  the  Spiders,  it  appears 
certain  that  the  act  of  copulation,  so  to  speak,  is  performed  by 
the  males  by  means  of  the  maxillary  palpi,  the  extremities  o( 
which  are  specially  modified  for  this  purpose.  The  testes  are 
abdominal,  but  the  semen  appears  to  be  stored  up  in  the 
enlai^ed  extremities  of  tlie  maxillary  palps,  which  thus  per- 
form the  part  of  the  vesiculte  seminales.  "  The  most  careful 
observations,  repeated  by  the  most  attentive  and  expeiienced 
entomologists,  have  led  to  the  conviction  that  the  ova  are 
fertilised  by  the  alternate  introduction  into  the  vulva  of  the 
appendages  of  the  two  palpi  of  the  male.  Treviranus's  sup- 
position that  these  acts  are  merely  preliminary  stimuli,  has 
received  no  confirmation,  and  is  rejected  by  Dug^s,  Westwood, 
and  Blackwall ;  and  with  good  reason,  as  the  detection  of  the 
spermatozoa  in  the  palpal  vesicles  has  shown.  .  .  .  Dug^s 
offers  the  very  probable  suggestion  that  the  male  himself  may 
apply  the  dilated  cavities  of  the  palpi  to  the  abdominal  aper- 
ture (of  the  testes)  and  receive  from  the  vasi  deferentia  the 
fert  1    ng  flu  d  p  epa  a  ory  oh      n    n  Certain  it 

is  ha    an      plana  o     o     h        n<nil  nd      no    the  male 

appa     u      n  wh   h   h  m  n  n  f      d  to  the 

ren  o  e  and  outs        h  d  p  Ip  ff    d  d  by  nsatiable 

pronene  o  1  y  and  dou  nhfml  fhse  most 
preda  eou    ofar     ul      da     nal     ^0     n) 

The  Spiders  are  oviparous,  and  the  joung  pass  through  no 
metamorphosis ;  but  they  cast  their  skins,  or  moult,  repeatedly, 
before  they  attain  the  size  of  the  adult. 

Distribution  of  Arachnida  in  Time. — The  Arachmda 
are  only  very  rarely  found  in  a  fossil  condition.  As  far  as  is 
yet  known,  both  the  Scorpions  and  the  true  Spiders  appear  to 
have  their  commencement  in  the  Carboniferous  epoch,  the 
former  being  represented  by  the  celebrated  Cydophtludmus 
senior  from  the  Coal-measures  of  Bohemia.  Spiders  are  also 
known  to  occur  in  the  Jurassic  Rocks  (Solenhofen  Slates)  and 
in  the  Tertiary  period. 
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CHAPTER   XXXVllI. 

MYRIAPODA. 

Class  III.  Myriapoda. — The  Myriapoda  are  defined  as  ar- 
ticulate animals  in  which  the  head  is  distind,  and  the  retnainder 
of  the  body  is  divided  into  nearly  similar  segments,  the  thorax 
exhibiting  no  clear  line  of  demarcation  from  the  abdomen.  There 
is  one  pair  of  antenna,  and  the  number  of  the  Itgs  is  always  more 
than  eight  pairs.     Respiration  is  by  trachem. 

In  this  class — comprising  the  Centipedes  (fig.  8i)  and  the 
MilHpedes — the  integument  is  chitinous,  the  body  is  divided 
into  a  number  of  somites  provided  with  articulated  appendages, 
and  the  nervous  and  circulatory  organs  are 
constructed  upon  a  plan  similar  to  what  we 
have  seen  in  Crustacea  and  Arachnida.  The 
head  is  invariably  distinct,  and  there  is  no 
marked  line  of  detnarcation  between  the  seg- 
ments of  the  thorax  and  those  of  the  abdomen. 
The  body,  except  in  Pauropus,  always  consists 
of  more  than  twenty  somites,  and  those  which 
correspond  to  the  abdomen  in  the  Arachnida 
and  Insecta  are  always  provided  with  locomo- 
tive limbs.  "  The  head  consists  of  at  least 
five,  and  probably  of  six,  coalescent  and  modi- 
fied somites ;  and  some  of  the  anterior  seg- 
ments of  the  body  are,  in  many  genera,  coal- 
escent, and  have  their  appendages  specially 
modified  to  subserve  prehension. "^(Huxley.) 
Pauropus  has  only  nine  pairs  of  legs ;  but  with 
this  exception,  eleven  pairs  of  legs  is  the  small- 
est number  known  in  the  order. 

The  respiratory  organs,  with  one  exception, 
agree  with  those  of  the  Insecta  and  of  many  of 
the  Arachnida  in  being  "  trachere" — that  is  to 
say,  tubes,  which  open  upon  the  surface  of  the 
body  by  minute  apertures,  or  "  stigmata,"  and 
the  walls  of  which  are  strengthened  by  a  spirolly- 
coiled  filament  of  chitine.  The  traches  may 
or  may  not  anastomose  with  one  another  as  "*(S(D>ojWn5""' 
they  do  in  Insects. 

The  somites,  with  the  exception  of  the  head  and  the  last 
abdominal  segment,  are  usually  undistinguishable  from  one 
another,  and  each  bears  a  single  pair  of  limbs.     In  some  cases, 
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however,  each  segment  appears  to  be  provided  with  two  pairs 
of  appendages  (fig.  82),  This  is  really  due  to  the  coalescence 
of  the  somites  in  pairs,  each  apparent  segment  being  in  reality 
composed  of  two  amalgamated  somites.  Tiiis  is  shown,  not 
only  by  the  bigeminal  limbs,  but  also  by  the  arrangement  of 
the  stigmata,  which  in  the  normal  forms  occur  on  every  alter- 
nate ring  only,  whereas  in  these  aberrant  forms  they  are  found 
upon  every  ring. 

The  head  always  bears  a  pair  of  jointed  antennae,  resembling 
those  of  many  Insects,  and  behind  the  antennfe  there  is  gene- 
rally a  variable  number  of  simple  sessile  eyes.  In  one  species 
(Sat/igera)  compound  facetted  eyes  are  present ;  and  in  Pauro- 
pus  the  antennae  are  bifid,  and  carry  many-jointed  appendages, 
thus  diifering  wholly  from  the  antennse  of  Insects,  and  pre- 
senting a  decided  approximation  to  the  Crustacea 

The  young  in  some  cases,  on  escaping  from  the  egg,  possess 
nearly  all  the  characters  of  the  parents,  except  that  the  numl)er 
of  somites,  and  consequently  of  limbs,  is  always  less,  and  m- 
creases  at  every  change  of  skin  ("  moult "  or  "  ecdy^is  ")  In 
most  cases,  there  is  a  species  of  metamorphosis,  the  embrvo 
being  at  first  either  devoid  of  locomotive  appendages,  or  pos- 
sessed of  no  more  than  three  pairs  of  legs,  thus  resembling  the 
true  hexapod  Insects.  It  is  believed,  however,  that  the  legs  of 
these  hexapod  larvse  do  not  correspond  homologicaliy  with  the 
three  pairs  of  legs  proper  to  adult  Insects.  In  these  cases  the 
number  of  legs  proper  to  the  adult  is  not  obtained  until  after 
several  moults,  the  entire  process  being  stated  to  occupy  in 
some  species  as  much  as  two  years,  before  maturity  is  reached. 

The  Myriapoda  are  divided  into  three  orders^viz.,  the  CH- 
hpoda,  the  Chilognatka,  and  the  Pauropoda. 

Order  I.  Chilopoda. — This  order  comprises  the  well- 
known  carnivorous  Centipedes  and  their  alhes,  and  is  charac- 
terised by  the  number  of  legs  being  rarely  indefinitely  great 
(usually  from  15  to  zo  pairs),  by  the  composition  of  the  an- 
tennas out  of  not  less  than  14  joints  (14  to  40  or  more),  and 
by  the  structure  of  the  masticating  oi^ans.  These  consist  of 
a  pair  of  mandibles  with  small  palpi,  a  labium,  and  two  pairs 
of  "  maxilli pedes,"  or  foot-jaws,  of  which  the  second  is  hooked, 
and  is  perforated  for  the  discharge  of  a  poisonous  fluid.  There 
is  not  more  than  one  pair  of  legs  to  each  somite,  and  the  last 
two  limbs  are  often  directed  backwards  in  the  axis  of  the  bod)', 
so  as  to  form  a  kind  of  tail.  The  body  in  al!  the  Chilopoda  is 
flattened,  and  the  generative  organs  open  at  the  posterior  end 
of  the  body. 

Scolcpendra  (fig.  81),  Liihobius,  and  Geophilm  are  common 
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European  genera  of  this  order.  The  ordinary  Centipedes  of 
this  country  are  perfectly  harmless,  but  those  of  tropical  re- 
gions sometimes  attain  a  length  of  a  foot,  or  more,  and  these 
are  capable  of  inflicting  very  severe,  and  even  dangerous,  bites. 
Order  II.  Chilognai-ha.— This  order  comprises  the  vege- 
table-eating Millipede^  (lu/idce)  and  the  Gaily  worms  .(/i'^i/fit- 
mus).  The  order  is  characterised  by  the  great  number  of  legs, 
— each  segment,  except  the  six  or  seven  anterior  ones,  bearing 
two  pairs ;  by  the  composition  of  the  antennae  out  of  sis  or 
seven  joints ;  and  by  the  structure  of  the  masticating  organs, 
which  consist  of  a  pair  of  mandibles  without  palps,  covered  by 
a  lower  lip,  coniposed  of  the  confluent  maxillfe.  The  genera- 
tive apertures  are  placed  in  the  anterior  portion  of  the  body. 


In  the  common  Millipede  (Ittlus)  the  body  is  coniposed  of 
from  forty  to  fifty  segments,  each  of  which  bears  two  pairs  of 
minute,  thread-like  legs.  Tlie  lult  6i  this  country  are  of  small 
size,  but  an  American  species  attains  a  length  of  more  than 
half  a  foot. 

Order  III.  Patiropoda.— In  this  order  is  only  an  extra- 
ordinary little  Myriapod,  described  by  Sir  John  Lubbock 
under  the  name  oi  Pauropus.  The  body  is  only  one-twentieth 
of  an  inch  in  lenglh,  and  consists  of  ten  somites,  furnished  with 
scattered  setfe.  There  are  only  nine  pairs  of  legs,  of  which 
one  pak  is  carried  by  the  3d  segment,  whilst  the  4th,  5th,  6th, 
and  7th  segments  carry  eacli  two  pairs  of  legs,  and  may  there- 
fore be  regarded  as  really  double.  The  bead  is  composed  of 
two  segments,  and  is  not  provided  with  jaw-feet.  The  antenna; 
are  five-jointed,  bifid,  with  three  long  multi-articulate  appen- 
dages. The  body  is  white  and  colourless,  and  there  are  no 
tracheae,  so  that  respiration  must  be  effected  entirely  by  the 
skin.  Pauropus  is  found  amongst  decaying  leaves  in  damp 
situations,  and  species  have  been  described  both  from  Britain 
and  America,  It  is  separated  from  the  Chilopoda  by  its  small 
number  of  legs,  the  absence  of  foot-jaws,  and  the  composition 
of  the  antennae  out  of  no  more  than  five  joints. 

Distribution  of  Myeiapoda  in  Time.  ^  About  twenty 
species  of  Myriapoda  are  known  as  fossils,  the  oldest  example 
of  the  order  having  been  found  in  the  Carboniferous  epoch. 
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From  rocks  of  this  age  several  species  of  Chilognathqus  Myria- 
pods  have  been  discovered.  They  belong  to  the  genera 
Xylobius  and  Archiulus,  and  have  been  placed  in  a  special 
family  under  the  name  of  Archiulid^.  The  occurrence  of 
air-breathing  articulate  animals  (both  Arachnida  and  Myria- 
poda)  in  the  Carboniferous  period  is  noticeable,  as  being  con- 
temporaneous with  the  earliest  known  terrestrial  Molluscs. 


CHAPTER   XXXIX. 
INSECTA. 

GENERAL   CilARACTERS   OF  THE   INSECTA. 

Class  IV.  Insecta. — The  Inseda  are  defined  as  artkulaie 
animals  in  which  the  head,  thorax,  and  abdomen  are  distinct; 
there  are  three  pairs  of  legs  borne  on  the  thorax;  the  abdomen 
is  destitute  of  legs;  a  single  pair  of  antenna  is  present;  mostly, 
there  are  two  pairs  of  wings  on  the  thorax.  Respiration  is 
effected  by  trachea. 

In  the  Insecta  the  body  is  divided  into  a  variable  number  of 
definite  segments,  or  somites,  some  of  which  are  furnished 
with  jointed  appendages,  and  the  nervous  and  circulatory 
systems  are  constructed  upon  essentially  the  same  plan  as  in 
the  Crustacea,  Araehnida,  and  Myriapoda.  The  head,  thorax, 
and  abdomen  are  distinct  (fig.  83),  and  the  total  number  of 
somites  in  the  body  never  exceeds  twenty.  "Of  these,  iive 
certainly,  and  six  probably,  constitute  the  head,  which  pos- 
sesses a  pair  of  antenna,  a  pair  of  niandibles,  and  two  pairs  of 
maxillEe,  the  hinder  pair  of  which  are  coalescent,  and  form  the 
'  labium.'  Three,  or  perhaps,  in  some  cases,  more,  somites 
unite  and  become  specially  modified  to  form  the  thorax,  to 
which  the  three  pairs  of  locomotive  limbs,  characteristic  of 
perfect  Insects,  are  attached.  Two  additional  pairs  of  loco- 
motive organs,  the  wings,  are  developed,  in  most  insects, 
from  the  tergal  walls  of  the  second  and  third  thoracic  somites. 
No  locomotive  limbs  are  ever  developed  from  the  abdomen  of 
the  aduli,  insect,  but  the  ventral  portions  of  the  abdominal 
somites,  from  the  eighth  backwards,  are  ofl:en  metamorphosed 
into  apparatuses  ancillary  to  the  generative  fiinction,"— 
(Huxley.) 

The  integument  of  the  Insecta,  in  the  mature  condition,  is 
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more  or  less  hardened  by  the  deposition  of  chitine,  and  usually 
forms  a  resisting  exoskeleton,  to  which  the  muscles  are  attached. 
1  he  segments  of  the  head  are  amalgamated  into  a  single  piece, 
whith  bears  a  pair  of  jointed  feelers  or  antennfe,  a  pair  of  eyes, 
usually  compound,  and  the  appendages  of  the  mouth.  The 
segments  of  the  thorax  are  also  amalgamated  into  a  single 
piece ;  but  this,  nevertheless,  admits  of  separation  into  its  con- 
stituent three  somites  (fig,  83).  These  are  termed  respect- 
ively, from  before  backwards,  the  "  prothorax,"  "  mesothorax," 
and  "  metathorax,"  and  each  bears  a  pair  of  jointed  legs.  In 
the  great  majority  of  Insects,  the  dorsal  arches  of  the  mesotho- 
rax  and  metathorax  give 
origin  each  to  a  pair  of 
wings- 
Each  leg  consists  of  from 
six  to  nine  joints.  The 
first  of  these,  which  is  at- 
tached to  the  sternal  sur- 
face of  the  thorax,  is  called 
the  "coxa,"  and  is  s 
ceeded.by  a  short  joint.  , 
tenned  the  "  trochanter." 
The  trochanter  is  followed 
by  a  joint,  often  of  large 
size,  called  the  "femur," 
and  diis  has  articulated 
to  it  the  "tarsus,"  which 
may  be  composed  of  from 
two  to  five  joints. 

The  wings  of  Insects 
are  membranous  "flatten- 
ed vesicles,  susfained  by 
slender  but  firm  hollow 
tubes,  called  '  nervures,' 
along  which  branches  of 
the  trachea  and  channels 
of  the  circulation  are  con- 
tinued."—  (Owen.)  Ac- 
cording to  Newport,  the       "i"""'"-"""- 

wings  of  Insects  are  "  expanded  portions  of  the  common  in- 
tegument of  the  sides  of  the  meso-  and  nieta-thorax,  occasioned 
by  the  enlargement  and  extension  of  numerous  traclieffi  and 
the  accompanying  passages  for  the  circulatory  fluids,  and  their 
are  intimately  connected  with  the  function  of  respira- 
In  the  Cokoptera  (Beetles)  the  anterior  pair  of  wings 
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become  hardened  by  the  deposition  of  chitine,  so  as  to  form 
two  protective  cases  for  the  hinder  membranous  wings.  In 
this  condition  the  anterior  wings  ate  known  as  the  "  elytra,"  or 
"  wing-cases."  In  some  of  the  Hsmiptera  this  change  only 
affects  the  inner  portions  of  the  anterior  wings,  the  apices  of 
which  remain  membranous,  and  to  these  the  term."hemelytra" 
is  applied.  In  the  Diptera  the  posterior  pair  of  wings  arc 
rudimentary,  and  are  converted  into  two  capitate  filaments, 
called  "halteres,"  or  "balancers."  In  the  Strepdptera  the 
anterior  pair  of  wings  are  riidimentary,  and  are  converted  into 
twisted  filaments. 

The  primitive  number  of  somites  in  the  abdomen  of  insects 
is  said  to  be  eleven  {Orthopterd),  but  nine  is  the  number  ordi- 
narily present ;  and  though  these  are  distinct  in  most  larvae,  it  is 
seldom  that  more  than  seven  or  eight  are  recognisable  in  the 
adnlt.  The  abdominal  somites  are  usually  more  or  less  freely 
movable  upon  one  another,  and  never  carry  locomotive  limbs. 
The  extremity  of  the  abdomen  is,  however,  not  infrequently 
furnished  with  appendages,  which  are  connected  with  the 
generative  function,  and  not  infrequently  serve  as  offensive 
and  defensive  weapons.  Of  this  nature  arc  the  ovipositors  of 
Ichneumons  and  other  Insects,  and  the  sting  of  Bees  and 
Wasps.  In  the  Earwig  {Forficula)  these  caudal  appendages 
form  a  pair  of  forceps ;  whilst  in  many  Insects  they  are  in  the 
form  of  bristles,  by  which  powerfiil  leaps  can  be  effected,  as  is 
seen  in  the  Springtails  (Podurd).  In  some  insects  (as  the 
Mole-cricket  and  Cockroach),  the  9th  or  loth  abdominal  seg- 
ment carries  jointed  antenniform  appendages,  which,  though 
periiaps  partially  or  even  primarily  generative  in  fiinction,  are 
certainly  organs  of  sense,  being  connected  with  smell  or 
hearing. 

The  oi^ans  about  the  mouth  in  Insects  are  collectively 
termed  the  "  trophi,"  or  "  instrumenta  cibaria."  Two  principal 
types  require  consideration — namely,  the  masticatory  and  the 
suctorial — both  types  being  sometimes  modified,  and  occasion- 
ally combined. 

In  the  Masticatory  Insects,  such  as  the  Beetles  (fig.  84,  i), 
the  trophi  consist  of  the  following  parts,  from  before  back- 
wards : — (i.)  An  upper  lip,  or  "labrum,"  attached  below  the 
front  of  the  head.  (2.)  A  pair  of  biting-jaws,  or  "  mandibles." 
(3.)  A  pair  of  chewing-jaws,  or  "  maxiUse,"  provided  with  one 
or  more  pairs  of  "  maxillary  palps,"  or  sensory  and  tactile 
tilaments.  (4.)  A  lower  lip,  or  "labium,"  composed  of  a 
second  coalescent  pair  of  maxillee,  and  also  bearing  a  pair  of 
palpi,  the  "  labial  palps."     The  primitive  form  of  the  labium. 
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that,  namely,  of  a  second  pair  of  maxill;e,  is  more  or  less  per- 
fectly retained  by  the  Orthoptera  and  some  of  the  Neuropiera. 
The  lower  or  basal  portion  of  the  iabium  is  called  the  "  men- 
tQui  "  or  chin,  whilst  the  upper  portion  is  more  flexible,  and  is 
termed  the  "  Hgula."  The  upper  portion  of  the  ligula  is  often 
developed  into  a  khid  of  tongue,  which  is  very  distinct  in  some 
Insects,  and  is  tenned  the  "lingua." 


In  the  typical  suctorial  mouth,  as  seen  in  the  Butterflies 
(fig.  84,  2),  the  following  is  the  arrangement  of  parts : — The 
labrum  and  the  mandibles  are  now  quite  rudimentary ;  the 
first  pair  of  maxillEe  is  greatly  elongated,  each  maxilla  forming 
a  half-tube.  Tliese  maxillje  adhere  together  hy  their  inner 
surfaces,  and  thus  form  a  spiral  "trunk,"  or  "antlia"  (inappro- 
priately called  the  "  proboscis  "),  by  which  the  juices  of  flowers 
are  sucked  up.  Each  maxilla,  besides  the  half-tube  on  one 
side  contains  also  a  tube  in  its  interior ;  consequently  on  a 
an  section  the  trunk  is  found  really  to  consist  of  three 

ana  one  in  the  anterior  of  each  maxilla,  and  the  third  formed 
b        en  tiem  by  their  apposition.     To  the  base  of  the  trunk 

e  a  a  hed  the  maxillajy  palpi,  which  are  extremely  small. 
B  h  nd  he  trunk  is  a  small  labium,  composed  of  the  united 
second  paff  of  maxilla.  The  "  labial  palpi"  are  greatly  devel- 
op d,  and  form  two  hairy  cushions,  between  which  the  trunk 
is  coiled  up  when  not  in  use. 

In  the  Bee  there  exists  an  intermediate  condition  of  parts, 
the  mouth  being  fitted  partly  for  biting  and  partly  for  suction. 
The  labrum  and  mandibles  are  well  developed,  and  retain  their 
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usual  form.  The  maxillEe  and  the  labium  are  greatly  elon- 
gated ;  the  former  being  apposed  to  the  lengthened  tongue  in 
such  a  manner  as  to  form  a  tubular  trunk,  which  cannot  be 
rolled  up,  as  in  the  Butterflies,  but  is  capable  of  efficient  suc- 
tion.    The  labial  palpi  are  also  greatly  elongated. 

In  the  Hetniptera,  the  "  trophi "  consist  of  four  lancet-shaped 
needles,  which  are  the  moditied  mandibles  and  maxillse,  en- 
closed in  a  tubular  sheath  formed  by  the  elongated  labium 
(fig.  84,  3),  Lastly,  in  the  Diptsra — as  in  the  common  House- 
fly— there  is  an  elongated  labium,  which  is  channelled  on  its 
upper  surface  for  the  reception  of  the  mandibles  and  maxillse, 
these  being  moditied  into  bristles  or  lancets. 

The  mouth  in  the  Masticating  Insects  leads  by  a  pharynx 
and  cesophagus  into  a  membranous,  usually  folded,  stomach 
— the  "  crop,"  or  "  ingluvies  " — from  which  the  food  is  trans- 
mitted to  a  second  muscular 
stomach,  called  the  "gizzard" 
(fig.  85).  The  gizzard  is  adapt- 
ed for  crushing  the  food,  often 
having  plates  or  teeth  of  chitine 
developed  in  its  walls,  and  is 
succeeded  by  the  true  digestive 
cavity,  called  the  "chylific  sto- 
mach "  {ventricultis  chylopoieti- 
ais).  From  this  an  intestine 
of  variable  length  proceeds,  its 
terminal  portion,  or  rectum, 
opening  into  a  dilatation  which 
is  common  to  the  ducts  of  the 
generative  oigans,and  is  termed 
the  "  cloaca."  The  cesophagus 
is  furnished  with  salivary  glands 
of  varying  size  and  complexity, 
and  is  provided  in  some  of  the 
Suctorial  Insects  with  a  dilata- 
tion called  the  "  sucking  sto- 
mach." Behind  the  pyloric 
aperture  of  the  stomach,  with 
very  few  exceptions,  are  a  vari- 
^%a-^Tm'^^Z\''^'^'^v2U^tTi,    ^l^'e  number  of  csecal,  convo- 

Crop ;  c  Giizard  :   ./ChyJific  stomach  ;       luted    tubcS    (fig.    85,    f),  which 

aoac9^'**'supp"IS  Ui(li've"=T^^    *     open  into  the  intestine,3nd  are 

called  the  "  Malpighian  tubes." 

These  are  often  looked  upon  as  representing  the  liver,  but 

are  by  some  believed  to  have  a  renal  function.     If  the  Malpig- 
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hian  vessels  truly  perform  the  functions  of  a  liver — as  their 
positiori  Would  appear  to  prove — -then  the  kidneys  will  be 
represented  by  a  series  of  csecal  tubes  which  are-  only  occa- 
sionally present,  and  which  open  into  the  rectum,  close  to  the 
cloaca.  There  are  no  absorbent  vessels,  and  the  products  of 
digestion  simply  transude  through  the  walls  of  the  alimentary 
canal  into  the  sinuses  or  irregular  cavities  which  exist  between 
the  abdominal  organs.  The  apparatus  of  digestion  does  not 
differ  essentially  from  the  above  in  any  of  the  Insects ;  but  the 
alimentary  canal  is,  generally  speaking,  considerably  lengthened 
in  the  herbivorous  species. 

There  is  no  definite  and  regular  course  of  the  circulation  in 
the  Insects.  The  propulsive  organ  of  the  circulation  is  a  long 
contractile  cavity,  situated  in  the  back  and  termed  the  "  dorsal 
vessel."  This  is  composed  of  a  number  of  sacs  (ordinarily 
eight),  opening  into  one  another  by  valvular  apertures,  which 
allow  of  a  current  in  one  direction  only — viz.,  towards  the  head. 
The  blood  is  collected  from  the  irregular  venous  sinuses  which 
are  formed  by  the  lacuna  and  interstices  between  the  tissues, 
and  enters  the  dorsal  vessel  from  behind;  it  is  then  driven 
forwards,  and  is  expelled  at  the  anterior  extiemity  of  the  body. 

Respiration  is  effected  by  means  of  "  tracheae,"  or  branched 
tubes,  which  commence  at  the  surface  of  the  body  by  lateral 
apertures  called  "  stigmata,"  or  "  spiracles,"  and  ramify  through 
every  part  of  the  animal.  In  structure  the  trachea;  are  mem- 
branous, but  their  walls  are  strengthened  by  a  chitinous  fila- 
ment, which  is  rolled  up  into  a  continuous  spiral  coil.  In 
the  aquatic  larvEe  of  many  insects,  and  in  one  adult  insect, 
branches  of  the  trachete  are  sent  to  temporary  outgrowths 
which  are  termed  "  trachea!  gills,"  and  in  which  the  blood  is 
oxygenated  In  all,  however,  except  the  single  insect  above 
mentioned,  these  temporary  externa!  appendages  fall  off  when 
maturity  is  attained.  The  wings,  also,  whilst  acting  as  loco- 
motive organs,  doubtless  subserve  respiration,  the  nervures 
being  hollow  tubes  enclosing  tracheffi. 

The  nervous  system  in  Insects,  though  often  concentrated 
into  special  masses,  consists  essentially  of  a  chain  of  ganglia, 
placed  ventrally,  and  united  together  by  a  series  of  double 
cords  or  commissures.  The  cephalic  or  " prie-cesophageal" 
ganglia  are  of  large  size,  and  distribute  filaments  to  the  eyes 
and  antennfe.  The  post-cesophageal  ganglia  are  united  to  the 
preceding  by  cords  which  form  a  collar  round  the  gullet,  and 
they  supply  the  nerves  to  the  mouth,  whilst  the  next  three 
ganglia  furnish  the  nerves  to  the  legs  and  wings.  In  larvse, 
thirteen  pairs  of  ganglia,  one  to  each  segment,  can  be  recog- 
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nised.  In  the  imago,  however,  of  the  Cokoptera,  several  of 
these  primitive  ganglia  have  coalesced,  so  that  this  number  is 
considerably  reduced. 

Tlie  oigans  of  sense  are  the  eyes  and  autennte.  The  eyes 
ill  Insects  are  usually  "  compound,"  and  are  composed  of  a 
number  of  hexagonal  lenses,  united  together,  and  each  snpplied 
with  a  separate  nervous  filament.  Besides  these,  simple  eyes 
— "ocelli,"  or  "stemmata"- — are  often  present,  or,  in  rare 
cases,  may  be  the  sole  organs  of  vision.  In  structure  these 
resemble  the  single  elements  of  the  compound  eyes.  In  a  few 
eases  the  eyes  are  placed  at  the  extremities  of  stalks  or  ped- 
uncles, but  in  no  case  are  these  peduncles  movably  articulated 
to  the  head,  as  is  the  case  in  the  Podophthalmous  Cnistaceans. 
The  antenna;  are  movaible,  jointed  filaments,  attached  usually 
close  to  the  eyes,  and  varying  much  in  shape  in  different  In- 
sects. They  doubtless  discharge  the  functions  of  tactile  organs, 
but  are  probably  the  organ  of  other  more  recondite  senses  in 
addition. 

The  sexes  in  Insects  are  in  different  individuals,  and  most 
are  oviparous.  Generally  speaking,  the  young  insect  is  very 
different  in  external  characters  from  the  adult,  and  it  requires 
to  pass  through  a  series  of  changes,  which  constitute  the  "  meta- 
morphosis," before  attaining  maturity.  In  some  Insects,  how- 
ever, there  appears  to  be  no  metamorphosis,  and  in  some  the 
changes  which  take  place  are  not  so  strikmg  or  so  complete  as 
in  others.  By  the  absence  of  metamorphosis,  or  by  the  degree 
of  its  completeness  when  present,  Insects  are  divided  into 
sections,  called  respectively  Ametabola,  Hemimetabola,  and 
Hohtnetahola,  which,  though  not,  perhaps,  of  a  very  high  scien- 
tific value,  are  nevertheless  very  convenient  in  practice. 

Section  1.  Ametabolic  Insects. — These  pass  through  no  meta- 
morphosis, and  also,  in  the  mature  condition,  are  destitute  of 
wings.  The  young  of  these  insects  (Aptera)  on  escaping  from 
the  ovum  resemble  their  parents  in  all  respects  except  in  size ; 
and  though  they  may  change  their  skins  frequently,  they  undergo 
no  alteration  before  reaching  the  perfect  condition,  except  that 
they  grow  larger. 

Section  2.  Hemimetabolic  Insects. — In  the  insects  belonging 
to  this  section  there  is  a  metamorphosis  consisting  of  three 
stages.  The  young  on  escaping  from  the  ovum  is  termed  the 
"larva;"  when  it  reaches  its  second  stage  it  is  called  the 
"pupa,"  or  "nymph;"  and  in  its  third  stage,  as  a  perfect 
insect,  it  is  called  the  "  imago."  In  the  Hemimetabola,  the 
"  larva,"  though  of  course  much  smaller  than  the  adult,  or 
"imago,"  differs  from  it  in  little  else  except  in  the  absence  of 
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wings.  It  is  active  and  locomotive,  and  is  generally  very  like 
the  adult  in  external  appearance.  The  "  pupa,"  again,  is  a. 
little  larger  than  the  larva,  but  really  differs  from  it  in  nothing 
else  than  in  the  fact  that  the  rudiments  of  wings  have  now 
appeared,  in  the  form  of  lobes  enclosed  in  cases.  The  "  pupa  " 
is  stUl  active  and  locomotive,  and  the  term  "  nymph  "  is  usually 
applied  to  it.  The  pupa  is  converted  into  the  perfect  insect, 
or  "imago,"  by  the  liberation  of  the  wings,  no  other  change 
being  requisite  for  this  purpose.  From  the  comparatively  small 
amount  of  difference  between  these  three  stages,  and  from  the 
active  condition  of  the  pupa,  this  kind  of  metamorphosis  is 
said  to  be  "  incomplete." 

In  some  members  of  this  section  however  — such  as  the 
Dragon-flies — the  larva  and  pupa  are  aquatic,  whereas  the 
imago  leads  an  aerial  life.  In  these  cases  ihere  is  necessarily 
a  considerable  difference  between  the  larva  and  the  adult ;  but 
the  iarva  and  pupa  are  closely  alike,  and  the  latter  is  active. 

Section  3.  Hohmetabolk  Insects.  —  These  —  comprising  the 
Butterflies,  Moths,  Beetles,  &c. — pass  through  three  stages 
which  differ  greatly  from  one 
another  in  appearance,  the 
metamorphosis,  therefore,  be- 
ing said  to  be  "complete." 
In  these  insects  (fig.  86)  the 
"  larva "  is  vermiform,  seg- 
mented, and  usually  provided 
with  locomotive  feet,  which 
do  not  correspond  with  those 
of  the  adult,  though  these 
latter  are  usually  present  as 
well  (fig.  86).  In  some  cases 
the  larva  is  destitute  of  legs, 
or  is  "  apodal."  The  larva  is 
also  provided  with  mastica- 
tory organs,  and  usually  eats 
voraciously.  In  this  stage  of 
the  metamorphosis  the  larva; 
constitute  what  are  usually 
called  "  caterpillars "  and 
"grubs."  Having  remained 
in  this  condition  for  a  longer  Fig,  se.— Metamo 
or  shorter  length  of  time,  and  ""'"'  ^^'"'''" 

having  undergone  repeated  changes  of  skin,  _. 
cessilated  by  its  rapid  growth,  the  larva  passes 
stage,  and  becomes  a  "pupa."     The  ' 
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quiescent,  unless  touched  or  otherwise  irritated ;  is  incapable  of 
changing  its  place;  and  is  often  attached  to  some  foreign  object. 
This  constitutes  what — in  the  case  of  the  Lepidoptera — is  gene- 
rally known  as  the  "chrysalis,"  or  "aurelia"  (fig.  93).  The 
body  of  the  pupa  is  usually  covered  by  a  chitinous  pellicle, 
which  closely  invests  the  animal.  In  some  cases  (eg.,  in  many 
Dipterous  insects)  no  traces  can  be  detected  in  the  pupa  of  the 
future  insect ;  but  in  the  Lepidoptera  the  thorax  and  abdoraen 
are  distinctly  recognisable  in  thepup^e;  whilst  in  others  (f.^., 
Hymenoptera)  the  parts  of  the  pupa  are  merely  covered  by  a 
membrane  and  are  quite  distinct  In  some  cases  the  pupa  is 
further  protected  within  the  dried  skin  of  the  larva;  and  in 
other  cases  the  larva — immediately  before  entering  upon  the 
pupa-sfage — spins,  by  means  of  special  organs  for  the  purpose, 
a  protective  case,  which  surrounds  the  chrysalis,  and  is  termed 
the  "cocoon." 

Having  remained  for  a  variable  time  in  the  quiescent  pupa- 
stage,  and  having  undei^one  the  necessary  development,  the 
insect  now  frees  itself  from  the  envelope  which  obscured  it, 
and  appears  as  the  perfect  adult,  or  "  imago,"  characterised  by 
the  possession  of  wings. 

Sexes  of  Insects. — -The  great  majority  of  Insects,  as  is  the 
case  witli  most  of  the  higher  animals,  consist  of  male  and 
female  individuals ;  but  there  occur  some  striking  exceptions 
to  this  rule,  as  seen  in  the  Social  Insects.  In  those  organised 
communities  wliich  are  formed  by  Bees,  Ants,  and  Termites, 
by  far  tlie  greater  number  of  the  individuals  which  compose 
the  colony  are  either  undeveloped  females,  or  are  of  no  fully 
developed  sex.  This  is  the  case  with  the  workers  amongst 
Bees,  and  the  workers  and  soldiers  amongst  Ants  and  Termites. 
And  these  sterile  individuals,  or  "neuters,"  as  they  are  com- 
monly called,  are  not  necessarily  all  alike  in  structure  and 
external  appearance.  Amongst  the  Bees  all  the  neuters  re- 
semble one  another ;  but  amongst  Ants  and  Termites  they  are 
often  divided  into  "castes,"  which  have  different  functions  to 
perform  in  the  general  polity,  and  differ  from  one  another 
greatly  in  their  characters. 

In  all  the  above-mentioned  insects  the  males  are  relieved 
from  the  performance  of  any  of  the  duties  of  life  except  that 
of  propagating  the  species ;  and  the  females — which  are  gene- 
rally solitary  in  each  community— fulfil  no  other  function  save 
that  of  laying  eggs.  All  the  other  duties  which  are  necessary 
for  the  existence  of  the  community  are  performed  by  tlie 
workers,  or  neuters. 

The  organs  of  the  t^vo  sexes  are  in  no  case  united  in  the 
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Bame  individual,  or,  in  other  words,  there  are  no  hermaphro- 
dite insects.  (In  some  very  abnormal  cases  amongst  Bees 
hermaphrodite  individuals  have  been  observed.)  As  has  been 
noticed,  however,  before,  asexual  reproduction  is  by  no  means 
unknown  amongst  the  Insecta,  and  the  attendant  phenomena 
are  often  of  extreme  interest — (See  Introduction.) 

The  great  majority  of  insects,  during  their  adult  condition, 
are  terrestrial  or  aerial  in  their  habits,  but  in  many  cases,  even 
of  these,  the  larvse  are  aquatic.  Many  other  insects  live  habit- 
ually during  all  stages  of  their  existence  in  fresh  water.  A  few 
insects  inhabit  salt  water  (either  the  sea  itself  or  inland  salt 
waters)  during  the  whole  or  a  portion  of  their  existence.  (This 
is  the  case  with  two  or  three  Beetles  of  the  families  Hydropki- 
iida  and  Dytiscida,  some  Hemipterous  Insects,  and  the  larvte 
of  various  Dipfera.)  Lastly,  many  insects  live  parasitically 
upon  the  bodies  of  Birds  or  Mammals,  or  upon  other  Insects. 


CHAPTER   XL. 

DIVISIONS  OF  INSECTA. 

The  class  Insecta  includes  such  an  enormous  numbtT  of  species, 
genera,  and  families,  that  it  would  be  impossible  to  treat  of 
these  satisfactorily  otherwise  than  in  a  treatise  especially  de- 
voted to  Entomology.  Here  it  will  be  sufficient  to  give 
simply  the  differential  characters  of  the  different  orders,  draw- 
ing attention  occasionally  to  any  of  the  more  important  points 
in  connection  with  any  given  family. 

As  already  said,  the  Insecta  are  divided  into  three  divisions, 
termed  Amelaiola,  Hemhnetabola,  and  Holomctabola,  according 
as  they  attain  the  adult  condition  without  passing  through  a 
metamorphosis,  or  have  an-  incomplete  or  complete  metamor- 
phosis. The  Insects  which  come  under  the  first  head  (viz. 
Ametabold)  are  not  furnished  with  wings  in  the  adult  condition, 
and  the  three  orders  which  compose  this  section  are  com- 
monly grouped  together  under  the  name  Aptera.  By  some, 
however,  this  division  is  entirely  rejected,  and  the  three  orders 
in  question  are  placed  amongst  the  Hemimeiabola,  or  even 
grouped  with  the  Myriapoda. 

Sub-class  I.  Ametabola.— Po«Ag  not  passing  through  a 
metamorphosis,  and  differing  from,  the  adult  in  sise  only.  Imago 
destitute  of  wings;  eyes  simple,  sometimes  wanting. 
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.1  which  the  mouth 
o  simple  eyes,   or 

This  order  comprises  insects  which  are  commonly  parasitic 
upon  man  and  other  animals,  and  are  known  as  Lice  [Pediculi). 
The  common  Louse  is  furnished  witli  a  simple  eye,  or  ocellus, 
on  each  side  of  a  distinctly  differentiated  head,  the  under  sur- 
face of  which  bears  a  suctorial  mouth.  Tliere  is  little  distinc- 
tion between  the  thorax  and  abdomen,  but  the  segments  of 
the  former  carry  three  pairs  of  legs.  The  legs  are  short,  with 
short  claws  or  with  two  opposing  hooks,  affording  a  very  firm 
hold  The  body  is  flattened  and  nearly  transparent,  composed 
of  eleven  or  twelve  distinct  segments,  and  showing  the  stig- 
mata very  plainly.  The  young  pass  through  no  metamorphosis, 
and  their  multiplication  is  extremely  rapid.  Most,  if  not  all, 
Mammals  are  infested  by  Lice,  each  having  generally  its  own 
peculiar  species,  and  sometimes  having  two  or  three.  Three 
species  are  said  to  belong  to  Man — viz.,  Fedicu/us  humanus, 
P.  capitis,  and  P.  pubis. 

Order  II.  Mallophaga. — ^ Minute  Aptem,  in  which  the 
mouth  is  formed  for  biting,  and  is  furnished  with  mandibles 
and  maxilla. 

The  members  of  this  order  are  commonly  known  as  "  Bird- 
lice,"  being  parasitic,  sometimes  upon  Mammals,  but  mostly 
upon  Birds.  They  strongly  resemble  the  Pediculi,  but  the 
mouth  is  formed  for  biting,  to  suit  their  mode  of  life-— since 
they  do  not  live  upon  the  juices  of  their  hosts,  but  upon  the 
more  delicate  tegumentary  appendages. 

Order  IlL  Thysanura, — Apterous  insects,  usually  with  a 
masticatory  mouth,  and  having  the  extremity  of  the  abdomen 
furnished  with  locomotive  appendages. 

The  most  familiar  members  of  this  order  are  ihe  Podurce,  or 
"Spring-tails."  which  are  characterised  by  the  possession  of  a 
forked  caudal  appendage,  by  the  extension  of  which  consider- 
able leaps  can  be  effecteJ.  In  the  nearly  allied  Lepismce,  loco- 
motion is  assisted  by  canda!  bristles.  In  both,  the  body  is 
covered  with  hairs  or  scales,  the  structure  of  the  latter  being 
often  very  beautiful. 

Sub-class  II.  Hemimetabola. — Metamorphosis  incomplete; 
the  larva  differing  from  ihe  imago  chi^y  in  the  absence  of  wmgs, 
and  in  size;  pupa  usually  active,  or,  if  quiescent,  capable  of  move- 
ment.* 

*  The  Coccidte,  amongst  the  Hemiptera,  uiidei^o  a  complete  metamor- 
phosis. In  certain  of  the  Hemipiera  and  Orthoptera  the  adult  is  apterous, 
and  in  these  cases  there  caunot  be  said  to  be  any  metamorphosis,  siuca 
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Order  IV.  H em iptera.— Mouth  suctorial,  beak-shaped, 
consisting  of  a  jointed  rostrum,  composed  of  the  elongated 


Fig.  Sj.-Hemiptcra.     Bean  Aphis  (^/^/j/bV),  winged  male  and  wingless  fcm,,lc, 

labium,  which  forms  a  jointed,  tubular  sheath  for  the  brislle- 
shaped  styliform  mandibles  and  maxiUje.  Eyes  compound, 
usually  with  ocelli  as  well.  Two 
pairs  of  wings  in  most ;  sometimes 
wanting. 

The  Hemiptera  live  upon  the  juices 
of  plants  or  animals,  which  they  are 
enabled  to  obtain  by  means  of  the 
suctorial  rostrum.  Amongst  the  more 
familiar  examples  of  this  order  are 
the  Plant-lice  (Aphides,  fig.  87),  the 
Field-bug  {Peiiiatoma),  the  Boat-fly 
(Notonecta),  the  Cochineal  Insects 
\Cocci),  and  the  Cicadas.  The  order 
is  divided  into  the  following  two 
sub-orders : — 

Sub-order  a.  Homoptera.~-Tt\e 

anterior  pair  of  wings  of  the 

same     texture      throughout 

(membranous);    the    mouth 

turned   backwards,   so    tliat 

the   beak  springs    from   the 

back  of  the  head.    The  wings 

fold  over  one  another  when 

the  insect  is  at  rest.      The 

three  segments  of  the  thorax 

are  united  in  a  mass,  and  the 

pro-thorax  is  generally  shorter    Fia-  ^i"?"*"!"?! 


than  the  meso-thorax.    There 


liilm. 


the  larvaB  differ  from  the  adiilt  only  in  size,  in  having  fewer  joints  to  the 
antennfe,  and  in  hiving  3.  smaller  number  of  facets  in  each  of  the  com- 
i>ound  eyes. 
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are  ocelli  between  the  compound  eyes,  and  the  antennas 
are  small  and  composed  of  few  joints.     The  females 
have  an  ovipositor  of  three  toothed  blades.      In  this 
section  are  the  Aphides,  the  Scale   Insects  (Coccida), 
the  Cicadas,  the  l^ntem-flies  (Fulgord),  &c. 
Sub-order  b.  Heteroptera. — Anterior  wings   membranous 
near  their  apices,    but    chitinous    towards    the    base 
(hemelytra) ;  the  rostrum  springing  from  the  front  of 
the  head.     The  inner  margins  of  the  wings  are  straight 
or  contiguous.     The  antenna  are  moderate  in  size,  and 
composed  of  a  few  large  joints.     The  pro-thorax  is  the 
largest  segment  of  the  thorax.     They  are  divided  into 
the  two  groups  of  tlie  Hydrocorism  (Water-bugs)  and 
Geomrisa  (Land-bugs),  according  as  they  are  aquatic  or 
mainly  terrestrial  in  their  habits. 
Order  V.  Orthoptera. — Mouth  masticatory;  wings  four, 
sometimes  wanting ;  tne  anterior  pair  mosdy  smaller  than  the 
posterior,  semi- coriaceous  or  leathery,  usually  with  numerous 
nervures,  the  interspaces  between  which  are  filled  with  many 
transverse  reliculations  j   sometimes   overlapping   horizontally 
(Cockroach),  sometimes   meeting  like   the  roof  of  a  house 
(Grasshoppers).      Posterior,  wings  usually  having  their  front 
portion  of  a  different  texture  from  their  hinder  portion,  this 
latter  being  almost  always  more  transparent,  and  when  not  in 
use,  folded  longitudinally  like  a  fan.     Posterior  wings  mostly 
wanting  In  the  females  of  the  Blattidm.      AntennK  usually 
filiform.      Metamorphosis  semi-incomplete  {sometimes,  how- 
ever, the  adult  is  apterous,  when  it  becomes  almost  impossible 
to  distinguish  the  larva,  pupa,  and  imago). 

This  order  includes  the  Crickets  {Achdind),  Grasshoppers 
{Gryllina),  Locusts  (Lo€ustina),  Cockroaches  {Blattina,  fig.  88), 
&c  Some  of  them  are  formed  for  running  {cursorial),  all  the 
legs  bemg  nearly  equal  in  size  ;  whilst  in  others  the  first  pair 
of  legs  are  greatly  developed,  and  form  powerful  raptorial 
ot^ans,  as  in  the  Mantis.  In  others,  again,  as  in  the  Grass- 
hoppers and  Crickets,  the  hindmost  pair  of  legs  are  greatly 
elongated,  so  as  to  give  a  considerable  power  of  leaping  to 
them.  All  the  Orthoptera  are  extremely  voracious,  and  the 
ravages  caused  by  locusts  in  hot  coimtries  are  well  known  to 
all.  The  most  destructive  of  the  Locusts  is  the  Migratory 
Locust  {Acrydium  migratoriumf  fig.  8g)  of  Africa  and  Southern 
Asia.  This  formidable  species  is  celebrated  for  the  destruc- 
tion which  it  causes  in  certain  seasons  in  the  countries  in 
which  it  occurs,  a  destruction  against  which  human  art  has 
hitherto  proved  wholly  powerless.     Vast  hordes  of  this  species 
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descend  suddenly  upun  a  district,  and  in  a  ft.w  hours,  destroy 
all  rrops,  ^nd  devour  the  leaves  of  all  the  trees,  migrating  as 
suddenlj  as  thev  rame,  sn  suon  as  the  ground  is  utterlj  bare 


Order  VI  Neuroptfra  —Mouth  usually  masticatory; 
wings  four  in  number,  aJl  membrai  ous  generally  nearly  equal 
in  size  traversed  by  numero  s  deliLate  nervures,  having  a 
longitudin-d  and  transver  e 
du-ection  and  giving  them  a 
reticulated  lace  like  aspect 
Metamorphosis  generally  m 
complete  rarciy  complete 
The  larva  acti\e  hevifoi 
rarciy  with  pro  l^s 

This  order  includes  the 
Dragon  -  flies  {Libellubdx), 
Caddis  -  flies  (Phryganeidm) 
May-flies  (Ephemeridd)^  the 
Ant  -  lion  {MyrmeUo),  Ter- 
mites, &C.  The  last  of  these 
— namely,  the  Termites  or 
White  Ants — are  social,  and 
live  in  communities,  and  their 

habits  are  so  singular  that  a  ^'^-  ^^d^)X^^o.\^^t^T^m"""'' 
short  description  of  them  will 

not  be  out  of  place  here.  They  are  mostly  inhabitants  of  hot 
countries,  where  they  are  commonly  known  as  "  White  Ants ; " 
but  it  must  be  borne  in  mind  that  they  have  nothing  to  do 
with  the  insects  commonly  called  Ants,  which  belong,  indeed, 
to  a  different  order  (Hymenoptera).     The  following  account  is 

•  By  snme  the  Dragon-fiies  {LibelMidiii,  the  May-flies  [Ephimfrida), 
and  the  Termites  ( Termitidm\,  are  placed  in  the  OrthopUra,  under  Ihe 
common  name  oi  Pseudo-nfuroptera  ;  whilst  the  Caddis-flies  (/Mi^yawciiej 
form  a  separate  order  under  Ihe  name  of  TrichofUra. 
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taken  from  Mr  Bates  s  work  on.  the  Amazons,  where  there  is 
an  excellent  descnption    of  the  h-ihits  of  these  remarkable 

Termtta  are  small,  soft  bodied  insects,  which  live  in  large 
communities,  as  do  the  true  4nts  They  differ,  however,  from 
the  Ants  m  the  tact  th'^t  the  workers  are  individuals  of  no 
fully  developed  se\,  whereas  amongst  the  latter  they  are  unde- 
leloped  females  Further,  the  neuters  of  the  Termites  are 
always  composed  of  two  distinct  classes  or  "castes" — the 
workers  and  the  soldiers.  Lastly,  the  Ants  undergo  a  quiescent 
pupa-stage  ;  whereas  the  young  Termites,  on  their  emergence 
from  the  egg,  do  not  differ  from  the  adult  in  any  respect  except 
in  size. 


Each  species  of  Termites  consists  of  several  distinct  orders 
or  castes,  which  live  together,  and  constitute  populous,  or- 
ganised communities.  They  inhabit  structures  known  as 
"  Termitaria,"  consisting  of  mounds  or  hillocks,  some  of  which 
are  "  live  feet  high,  and  are  formed  of  particles  of  earth  worked 
into  a  material  as  hard  as  stone."  The  Termitarium  has  no 
external  aperture  for  ingress  or  egress,  as  far  as  can  he  seen, 
the  entrance  being  placed  At  some  distance,  and  connected 
with  the  central  building  by  means  of  covered  ways  and 
galleries.  Each  Termitarium  is  composed  of  "  a  vast  num- 
ber of  chambers  and  irregular  intercommunicating  galleries, 
built  up  with  panicles  of  earth  or  vegetable  matter,  cemented 
together  with  the  saliva  of  the  insects."  Many  of  "  the  very 
large  hillocks  are  the  work  of  many,  distinct  species,  each  of 
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which  uses  materials  differently  compacted,  and  keeps  to  its 
own  portion  of  the  tumulus." 

A  family  of  Termites  consists  of  a  king  and  queen,  of  the 
workers,  and  of  the  soldiers.  The  royal  couple  are  the  parents 
of  the  colony,  and  "  are  always  kept  together,  closely  guarded 
by  a  detachment  of  workers,  in  a  large  chamber  in  the  very 
heart  of  the  hive,  surrounded  by  much  stronger  walls  than  the 
other  cells.  They  are  both  wingless,  and  immensely  larger 
than  the  workers  and  soldiers.  The  queen,  when  in  her 
chamber,  is  always  found  in  a  gravid  condition,  her  abdomen 
enormously  distended  with  eggs,  which,  as  fast  as  they  come 
forth,  are  conveyed  by  a  relay  of  workers  in  their  mouths 
from  the  royal  chamber  to  the  minor  cells  dispersed  through 
the  hive." 

At  the  beginning  of  the  rainy  season  a  number  of  winged 
males  and  females  are  produced,  which,  when  they  arrive  at 
maturity,  leave  the  hive,  and  fly  abroad  They  then  shed  their 
wings  {a  special  provision  for  this  existmg  in  a  natural  seam 
running  across  the  root  of  the  wing  and  dividing  the  nervures); 
they  pair,  and  then  become  the  kmgs  and  queens  of  future 
colonics. 

The  workers  and  the  soldiers  arc  distinct  from  the  moment 
of  their  emergence  from  the  egg,  and  they  do  not  acquire 
their  special  characteristics  in  consequence  of  any  difference 
of  food  or  treatment.  Both  are  wingless,  and  they  differ  solely 
in  the  armature  of  the  head.  The  duties  of  the  workers  are  to 
"  build,  make  covered  roads,  nurse  the  young  brood  from  the 
egg  upwards,  take  care  of  the  king  and  queen,  who  are  the 
progenitors  of  the  whole  colony,  and  secure  the  exit  of  the 
males  and  females  when  they  acquire  wings  and  fly  out  to 
pair  and  disseminate  the  race,"  The  duties  of  the  soldiers  are 
to  defend  the  community  from  all  attacks  which  may  be  made 
upon  its  peace,  for  which  purpose  the  mandibles  are  greatly 
developed. 

It  may  well  be  admitted,  that  in  such  organised  communities 
as  those  of  the  Termites,  we  have  the  highest  development  of 
Insect-life  yet  known  to  us.  The  principle  of  the  division  of 
labour  is  carried  out  to  its  fullest  extent — much  further,  indeed, 
than  is  possible  amongst  human  beings, — since  the  perfection 
of  the  greater  number  of  the  individuals  which  compose  the 
community — as  organisms — is  sacrificed  in  order  to  secure  the 
fulfilment  of  the  duties  which  are  necessary  for  the  existence 
and  welfare  of  the  whole.  Even  the  task  of  perpetuating  the 
species,  and  of  giving  origin  to  fresh  colonies,  is  entirely  left 
to  one  class  of  the  community,  the  defence  and  protection  of 
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which  is  the  special  object  and  care  of  the  remainder.  No 
higher  development  could  well  be  imagined  amongst  creatures 
devoid  of  the  higher  psychical  endowments  ;  and  it  is  worthy 
of  note  that  at  least  three  distinct  and  independent  families  of 
Insects  have  attained  to  this  stage — namely,  the  Termites,  the 
Bees,  and  the  true  Ants. 

Sub-class  III,  Holometabola. — Metamorphosis  complete; 
the  larva, pupa,  and  imago  differing  greatly  from  om  another  in  ex- 
ternal appearance.     The  larva  vermiform,  and  the  pupa  guiesceat. 

Order  VII.  Aphanipteea. — Wings  rudimentary,  in  the 
form  of  plates,  situated  on  the  meso-thorax  and  meta-thorax. 
Mouth  suctorial.     Metamorphosis  complete. 

This  order  comprises  the  Fleas  {Falicida),  most  of  which 
are  parasitic  upon  different  animals.  The  larva  of  the  common 
Flea  is  an  apodal  grub,  which  in  about  twelve  days  spins  a 
cocoon  for  itself,  and  becomes  a  quiescent  pupa,  from  which 
the  imago  emerges  in  about  a  fortnight  more.  Besides  the 
common  Flea  {Pulex  irritafis),  another  well-known  and  con- 
siderably more  troublesome  member  of  this  order  is  the  Chigoe 
{Pulex penetrans)  of  the  West  Indies  and  South  \merica. 

■  Ordek  VIII  DiPTFR*  — The  anterior  pair  of  wmgs  alone 
developed ;  the  postenor  pair  of  wings  rudimentarj  re 
presented  by  a  pair  of  clubbed  filaments,  called  hil 
teres,"  or  '  balancers  '  (fig  9")  In  a  few  the  wmgs  are 
altogether  wanting  Mouth  suctorial  Ihe  met  imorphosis 
is  complete  the  krvse  being  generall)  destitute  of  feet  but 
in  some  cases  (c  g,  the  gnats)  the  pup's  ^re  aquatic  and  are 
actively  locoinotue  In  most  cases,  however  the  pup's  are 
quiescent. 

The  proboscis  in  the  Dipteta  consists  of  J  tubuUr  labium 
enclosing  the  other  pirCs  of  the  mouth,  and  is  placed  on  the 
under  surface  of  the  head  Uctlli  are  \  resent  m  idditioii  to 
the  compound  eye*:  The  wmgs  are  generally  honzonlil  ind 
transparent,  the  nervures  not  verj  numerous,  and  for  the  most 
part  longitudinally  disposed.  The  antennse  are  generally 
small  and  three-jointed,  sometimes  many-jointed  (Tifulida:), 
or  feathery  {Culidd/e}.  The  larva  is  soft  and  fleshy,  with  a 
soft  indistinct  head,  usually  apodal,  never  with  thoracic  legs, 
and  rarely  with  pro-legs.  The  larval  skin  mostly  forms  a 
hardened  case  for  the  pupa,  but  the  larvae  sometimes  cast 
their  skin  when  becoming  pupje,  or  even  spin  cocoons.  In 
some  the  eggs  are  hatched  within  the  body  of  the  mother,  so 
that  the  insect  appears  first  in  the  larval  state ;  and  in  Pupipara 
not  only  is  this  the  case,  but  the  larvK  continue  to  reside  with- 
in the  mother  until  they  become  pups. 
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The  Diptera  constitute  one  of  the  largest  of  the  orders  of 
the  Jnseda;  the  House-flies  and  Flesh-flies  (Mused),  Gnats 
{Culex),  Forest-flies  {Hippobosca),  Crane-flies  {TipuHda),  and 
Gad-flies  {Tabanida),  constituting  good  examples. 


Order  IX.  Lepidoptera. — Month  suctorial,  consisting  o( 
a  spiral  trunk  or  "  autlia,"  composed  of  the  greatly-elongated 
maxillse,  and  protected,  when  not  in  use,  by  the  cushion -shaped 
hairy  labial  palpi,  Maxillje  forming  two  sub-cylindrical  tubes, 
united  together  by  inosculating  hooks,  and  constituting  an  in- 
termediate tube  by  their  junction.  Maxillary  palpi  minute ; 
labrum  and  mandibles  rudimentary.  Head,  thorax,  and  ab- 
domen more  or  less  covered  with  hair.  Wings,  four  in  num- 
ber, covered  with  modified  hairs  or  scales ;  wanting  in  the 
females  of  a  few  species.  Nervures  not  very  numerous,  mostly 
longitudinal.  Antenna  almost  always  distinct,  and  composed 
of  numerous  minute  joints. 

This  well-known  and  most  beautiful  of  all  the  orders  of 
Insects  comprises  the  Butterflies  (fig.  93)  and  the  Moths  (fig. 
94) ;  the  former  being  diurnal  in  their  habits,  the  latter  mostly 
crepuscular  or  nocturnal. 

The  larvEB  of  Lepidoptera  (fig.  94),  commonly  called  "  cater- 
pillars,"  are  vermiform  in  shape,  normally  composed  of  thirteen 
segments,  the  anterior  portion  forming  a  distinct  homy  head, 
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with  anteniiEe,  jaws,  and  usually  s  mple  t:)es  The  mouth  of 
the  caterpiUar,  unUke  that  of  the  perfect  n^ect  is  formed  for 
mastication.  The  labium  also  is  provided  with  a  tubular  organ 
— the  "spinneret" — which  comraun  cites  with  two  internal 
glands,  the  functions  of  which  are  to  fiimisli  the  silk  whereby 
the  animal  constructs  its  ord  nary  abode  or  sp  ns  its  cocoon. 
The  three  segments  behind  the  head  correspond  with  the  pro- 
thorax,  meso-thorax,  and  meta  thorav  of  the  perfect  insect,  and 
each  carries  a  pair  of  jointed  wilking  legs  Besides  these 
thoracic  legs,  there  is  a  variable  number  (generally  ten)  of  soft 
fleshy  legs,  which  are  borne  by  the  segments  of  the  abdomen, 
and  are  known  as  "  pro-legs  Lach  is  usually  furnished  with 
a  crown  of  small  horny  hooks  and  ihey  are  ne\er  attached  to 
the  4th,  sth,  loth,  and  nth  abdominal  stgraents 


'^^'p.pa'Sr 


In  the  Diurnal  Lepidoptera,  or  Butterflies  proper  (fig.  93), 
the  antennfe  are  knobbed ;  the  wings  are  usually  held  erect 
when  the  insect  is  in  a  state  of  repose ;  the  larvK  have  six 
thoracic  legs,  and  ten  pro-legs ;  and  the  pupte  are  always 
naked,  attached  by  the  posterior  extremity  or  head  downwards, 
and  usually  angular. 

In  the  Crepuscular  Lepidoptera,  including  those  fonns  which 
are  active  during  the  twilight,  the  antennte  are  fusiform,  or 
grow  gradually  thicker  from  the  base  to  the  apex ;  the  wings 
are  horizontal  or  little  inclined  when  the  insect  is  at  rest ;  the 
posterior  wings  have  their  front  margins  furnished  with  a  rigid 
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spine  ("retinaculiim")  which  is  received  into  a  hook  on  the 
under  surface  of  the  anterior  wings ;  and  the  pup»  are  never 


The  Nocturnal  L^idoptera  have  the  antennse  setaceous,  or 
diminishing  gradually  from  the  base  to  the  apex,  often  serrated 
or  pectinated  {fig.  94) ;  the  wings  in  repose  are  horizontal  or 
deflexed,  and  the  hind-wings  are  furnished  with  a  "retinaculum," 
as  in  the  preceding  section;  the  pupse  are  mostly  smooth, 
sometimes  spiny,  and  often  enclosed  in  a  cocoon. 

Order  X.  Hymenoptera. — Wings  four,  membranous,  with 
few  nervures ;  sometimes  absent  Mouth  always  provided 
with  biting-jaws,  or  mandibles  ;  the  maxillje  and  labium  often 
con  e  ted  nto  a  suctorial  organ.  Females  having  the  ex- 
trem  y  of  the  abdomen  mostly  furnished  with  an  ovipositor 
{lerb  a  o  a  I  u)  consisting  chiefly  of  three  elongated  pro- 
cesse  o  wh  h  o  serve  as  a  sheath  for  the  third.  Besides 
the  ompo  nd  e}es,  there  are  usually  three  ocelli  placed  on 
the  op  of  he  1  d.  The  antennre  are  generally  filiform  or 
seta  ous  The  metamorphosis  is  complete,  but  the  various 
parts  of  the  pupa  are  visible  through  die  delicate  enclosing 
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membrane.  The  larvK  ar< 
live  on  vegetable  food  (as 
they  are  mostly  footless,  * 
the  adult 

The  Jlymenoptera  form 


sometimes  provided  with  feet,  and 
in  the  Tenthredinida,  fig.  95);  but 
ithout  a  distinct  head,  and  fed  by 


very  extensive  order,  comprising 


the  Bees,  Wasps,  Ants,  Ichneumons,  Saw-flies  (fig.  95),  &c. 


Kg-  9S-- 

The  ovipositor,  which  is  very  generally  present  in  tlie  femdes 
of  this  order,  is  sometimes  a  boring  organ  {terebra),  or  in  other 
cases  a  "  sting"  {acukus). 

Amongst  the  Hymmoptera  we  find  social  communities,  m  . 
many-respects  resembling  those  of  the  Termites,  of  which  a 
description  has  already  been  given.  The  societies  of  Bees 
and  Ants  are  well  known,  and  merit  a  short  description. 

The  social  Bees,  of  which  the  common  Honey-bee  (Apis 
meliiJUa)  is  so  familiar  an  example,  form  organised  communities, 
consisting  of  three  classes  of  individuals — the  males,  females, 
and  neuters.  As  a  rule,  each  community  consists  of  a  single 
female—"  the  queen" — ^and  of  the  ne"uters,  or  "  workers."  The 
impregnation  of  the  female  is  effected  by  the  production  of 
males,  or  "drones,"  during  the  summer.     After  impregnation 
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has  been  effected,  the  drones,  as  being  then  useless,  are  de- 
stroyed by  the  workers.  The  eggs  produced  by  the  fecundated 
queen  are  mostly  intended  to  give  origin  to  neuters,  to  which 
end  they  are  placed  in  the  ordinary  cells.  The  ova  which  are 
to  give  origin  to  females^ — the  "queens"  of  future  colonies — 
are  placed  in  cells  of  a  peculiar  construction,  and  the  larvs 
are  fed  by  the  workers  with  a  special  food.  The  ova  which 
are  to  produce  males  are  likewise  placed  in  cells,  which  are 
slightly  larger  than  those  allotted  to  the  workers.  It  is  as- 
serted, however,  that  this  is  not  the  sole  or  true  cause  of  the 
production  of  the  males ;  but  that  the  ova  which  are  intended 
to  produce  drones  are  not  fertilised  by  the  female  with  the 
semen  which  she  has  stored  up  in  her  spermatheca,  and  are 
therefore  produced  by  a  process  of  Parthenogenesis.  That 
the  males  are  produced  parthenogenetically  in  some,  at  any 
rate,  of  the  Hymenoptera,  appears  to  have  been  placed  lieyond 
a  reasonable  doubt  by  the  researches  by  Von  Siebold. — (See 
Introduction.) 

In  the  HumbJe-bees  (Bombiilig),  and  in  the  Wasps  (  Vespida), 
we  have  societies  essentially  the  same  as  in  the  Honey-bee. 
In  a  large  community  of  Wasps,  or  "  vespiary,"  there  may  be 
severai  hundred  females,  of  which  few  survive  the  winter,  and 
live  to  found  fresh  colonies  next  spring.  The  number  of  males 
is  about  equal  to  that  of  the  females,  but,  unlike  the  drones  of 
the  Bees,  the  males  work  actively  and  defend  the  nest.  As 
amongst  the  Bees,  solitary  species  are  not  uncommon. 

The  Ants  (Formictda)  likewise  form  communities,  consisting 
of  males,  females,   and  neuters  (fig.   96).      The  males  and 


females,  as  we  have  seen  in  the  case  of  the  Termites,  are 
winged,  and  are  produced  in  great  numbers  at  a  particular 
period  of  the  year.      They  then  quit  the  nest  and  pair,  after 
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which  the  males  die.  The  females  then  lose  their  wings  and 
fall  to  the  ground,  when  they  become  tHe  queens  of  fresh 
societies.  In  some  Ants,  as  in  the  Termites,  the  neuters  are 
divided  into  two  classes — the  workers  and  the  soldiers — of 
which  the  former  perform  all  the  duties  necessary  for  the  pre- 
servation of  the  society  except  defending  the  nest,  this  being 
left  to  the  soldiers.  In  other  cases,  as  many  as  three  distinct 
orders  or  "castes"  of  neuters  may  be  present  in  the  same 
nest 

Amongst  the  more  singular  of  the  habits  and  instincts  of 
Ants  two  may  be  rnentioned — the  instinct  of  making  slaves, 
and  that  of  milking,  so  to  speak,  the  little  Plant-lice  {AfAtiies). 
As  regards  the  first  of  these,  it  is  found  that  certain  Ants  pos- 
sess the  extraordinary  instinct  of  capturing  the  pups  of  other 
species  of  Ants,  and  bringing  them  up  as  slaves.  The  rela- 
tions between  the  master  and  the  slaves  vary  a  good  deal  in 
different  species.  In  the  case  ai  Formica  rufescens,  for  instance, 
the  masters  are  entirely  dependent  upon  their  slaves;  the 
males  and  females  do  nothing  except  reproducing  the  species, 
and  the  neuters  perform  no  other  labour  except  that  of  captur- 
ing fresh  slaves.  The  masters  are  in  this  case  unable  even  to 
feed  themselves,  and  their  existence  Js  maintained  entirely  by 
the  devotion  of  the  slaves.  In  Formica  sanguima,  on  the 
other  hand,  the  number  of  slaves  is  much  less,  and  both 
masters  and  slaves  occupy  themselves  in  performing  most  of 
the  duties  necessary  for  the  community.  The  masters,  how- 
ever, go  alone  when  on  slave-making  expeditions  ;  and  in  case 
of  a  migration,  the  masters  carry  the  slaves  in  their  mouths. 

A  second  singular  fact  in  the  history  of  Ants  is  found  in  the 
relations  which  subsist  between  them  and  the  ApJiideSy  or 
Plant-hce.  The  Aphides  secrete,  or  rather  excrete,  a  peculiar 
viscid  and  sweet  liquid,  by  means  of  a  gland  which  is  situated 
towards  the  extremity  of  the  abdomen,  and  communicates  with 
the  exterior  by  two  tubular  filaments.  Ants  are  extremely  fond 
of  this  excretion,  and  it  is  a  well-established  fact  that  the 
Aphides  allow  themselves  to  be  milked,  as  it  were,  by  the  Ants. 
For  this  purpose  the  Ant  touches  and  caresses  the  abdomen 
of  the  Aphis  with  its  antennje,  whereupon  the  latter  voluntarily 
exudes  a  drop  of  the  coveted  fluid.  Ordinarily  the  Ants  seek 
the  Aphides  upon  plants ;  but  it  is  asserted  that  in  some  cases 
they  keep  Aphides,  much  in  the  same  way  as  human  beings 
keep  cows — though  this  is  probably  partly  imaginary. 

Order  XI.  Strepsiptera. — Females  without  wings  or  feet, 
parasitic  Males  possessing  the  posterior  pair  of  wings,  which 
are  large,  membranous,  and  folded  longitudinally  like  a  fan. 
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The  anterior  fair  of  wings  rudimentary,  represented  by  a  pair 
of  singular  twisted  organs.     Jaws  abortive. 

The  Strepsiptera  corfstitute  a  small  order,  which  includse 
certain  parasites  of  minute 
size,  found  on  Bees  and 
other  Hyntenoptera.  The 
female  is  a  soft  vermiform 
grub,  without  feet,  but  with 
a  horny  head,  which  it  pro- 
trudes from  between  the 
abdominal  segments  of  its 
host.  The  larvse  are  active, 
and  possess  six  feet;  whilst 
the  males  (fig.  97)  are 
winged,  and  fly  about  with 
great  activity. 

Order  XII.  Coleop- 
TERA. — Mouth  masticatory,  furnished  with  an  upper  lip  or 
labrum,  two  mandibles,  two  maxills,  with  maxillary  palpi 
(generally  four-jointed),  and  a  movable  lower  lip  or  labium, 
with  two  jointed  labial  palpi.  The  four  wings  are  usually 
present,  and  the  anterior  pair  are  not  adapted  for  flight,  but 
are  hardened  by  chitine,  so  as  to  form  protective  cases  (elytra) 
for  the  posterior  wings  {fig.  98).      The  inner  margins  of  the 


elytra  are  generally  straight,  and  when  in  contact  they  fonn  a 
longitudinal  suture.  The  posterior  wings  are  membranous, 
and  when  not  in  use,  are  folded  transversely  beneath  the 
elytra.  {Amongst  deviations  from  this  state  of  parts  may  be 
mentioned  the  occasional  absence  or  rudimentary  condition 
of  the  hinder  wings,  the  soldering  together  of  the  elytra,  the 
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soft  and  yielding  condition  of  the  elytra,  or  the  absence  of 
both  elytra  and  wings).  The  eyes  are  always  compound, 
generally  circular,  oval,  or  reniform,  but  sometimes  completely 
divided.  The  antennse  are  extremely  variable  in  form,  gene- 
rally of  eleven  joints,  sometimes  of  fewer,  rarely  of  twelve. 
The  thorax  is  composed  of  a  pro-meso-  and  meta-tliorax,  but 
when  the  elytra  are  closed,  only  the  pro-thorax  and  a  Httle 
plate  ("scutellum")  belonging  to  the  mesothoras  are  visible. 
The  tarsus  is  generally  composed  of  five  joints,  sometimes 
fewer,  never  more,  and  its  last  joint  is  usually  furnished  with 
two  hooked  claws. 


The  latvfe  of  Coleoptera  are  generally  composed  of  thirteen 
segments,  including  the  head.  The  body  is  generally  soft  and 
fleshy,  the  head  homy,  and  the  mouth  adapted  for  mastication. 
The  antenn-B  are  small  usually  of  three  or  four  joints  with 
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I.  Pentamera. — Tarsus  five-jointed. 

z.  Hderoiftera.—Taisas  of  two  anterior  pairs  of  legs  five- 
jointed,  of  the  posterior  pair  four-jointed. 

3.  Ttiramera. — Tarsus  four-jointed. 

4.  Trimera. — Tarsus  three-jointed. 

Distribution  of  Insecta  in  Time. — ^I'he  earliest  known 
insects  have  been  discovered  in  the  Devonian  Rocks  of 
America,  and  consist  of  the  remains  of  Neuroptera.^  Others, 
as  might  have  been  anticipated,  have  been  found  in  the  Coal- 
measures.  In  the  Secondary  Kocks  remains  of  insects  have 
been  found  abundantly  in  certain  beds  of  the  Oolitic  and  Liassic 
formations.  In  some  Tertiary  strata  Lepidoptera  and  other  in- 
sects have  been  found  in  a  good  state  of  preservation.  Amber, 
which  is  a  fossil  resin,  has  long  been  known  to  contain  many 
insects  in  its  interior  (in  certain  specimens) ;  and  all  of  these 
appear  to  belong  to  extinct  species,  though  amber,  geologically 
speaking,  is  not  an  ancient  product. 

•  The  Devonian  Neumpltra  of  Norfh  America  are  niosl  closely  allied  lo 
(he  BpkemeridiX ;  but  one  form  is  in  many  respects  fransilional  lietween 
the  ordets  Orthettira  and  Neurgptem.  Insects  belonging  to  Ihe  Nearop- 
Itra  (viz.,  JUlainia  and  J/^m^tisiia),  to  Ihe  Orihoptera  (Blaltina),  and  to  de 
Hemiplera  (Eager^n),  have  also  been  described  froin  the  Caiboniferous 
Roets  of  North  America. 
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CHAPTER    XLI. 
SUB-KINGDOM  MOLLUSCA. 


Sub- KINGDOM  MoLLUSCA. — The  Mollusca  may  be  defined  as  in- 
cluding soft-bodied  animals,  which  are  usually  provided  with  an 
exoskeleton.  The  intestinal  canal  is  bounded  by  its  own  proper 
walls,  and  is  completely  shut  off  from  the  perivisceral  cavity. 
The  alimentary  canal  is  situated  between  the  hiemal  system, 
which  lies  dorsally,  and  the  neural  system,  which  is  situated 
towards  the  ventral  aspect  of  the  body.  The  nervous  system 
(fig.  loo)  in  its  highest  de- 
velopment consists  of  three 
principal  ganglia,  which  are 
reiuted  to  one  m  the  lower 
forms  Usually  there  is  a 
d  St  net  propulsive  organ 
tv  which  the  circulation  is 
earned  on,  but  this  is  oc 
cisunilly  absent  Distinct 
respiratory  organs  ma\  or 
miy  not  be  present  Re 
production  IS  se\ual  though 
gemmation  is  also  occa 
sionally  superadded.  The  higher  Mollusca  are  all  smiple  am 
nials,  but  many  of  the  lower  forms  are  capable  of  forming 
colonies  by  continuous  gemmation 

The  digestive  system  in  all  the  Mollusca  consists  of  a  mouth, 
gullet,  stomach,  intestme,  and  anus — though  m  some  of  the 
Brachiopoda,  and  in  a  few  other  forms  the  intestine  ends 
CKcally.  In  some  the  mouth  is  surrounded  b>  ciliated  ten 
tacles  (Polysoa,  fig,  roa),  in  others  it  is  furnished  with  tno 
ciliated  arms  {Brachiopoda,  fig.  105) ;  in  the  bivalves  {Lamelli- 
branchiata)  it  is  mostly  furnished  with  four  membranous  pro 
cesses  or  palpi  {fig.  106) ;  in  others  it  is  provided  with  a  com. 
plicated  apparatus  of  teeth  {Gasteropoda,  fig.  108,  and  Ptero 
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poda) ;  and,  lastly,  the  Cephalopoda  have,  in  addition,  horny  or 
calcareous  mandibles,  forming  a  kind  of  beak.  Weli-developed 
salivary  glands  are  usually  present;  the  liver  in  the  higher 
forms  is  of  large  size,  and  pours  its  secretion  either  into  the 
stomach  or  into  the  commencement  of  the  intestine;  and  a 
renal  organ  has  been  detected  in  most  of  the  Mollusca  proper. 
There  is  no  distinct  absorbent  system,  but  the  products  of 
digestion  pass  by  exosmose  into  the  general  abdominal  cavity, 
and  thence  into  the  larger  veins,  which  are  sometimes  pierced 
by  numerous  round  holes  for  this  purpose. 

The  blood  is  colourless,  or  nearly  so.  In  the  Polyzoa  the 
circulation  is  carried  on  by  ciliary  action,  and  there  is  no  dis- 
tinct propulsive  organ,  or  definite  course  of  the  circulating 
fluid.  In  the  Tunicata  the  heart  is  a  simple  tube,  open  at  both 
ends,  and  the  course  of  the  circulation  is  periodically  reversed. 
In  the  Brachiopoda  the  course  of  the  circulation  is  not  defi- 
nitely ascertained,  and  it  is  doubtful  if  a  true  heart  is  present 
in  ^i.  In  the  higher  Mollusca  a  distinct  heart  is  always 
present,  and  consists  of  an  auricle  which  receives  the  aerated 
blood  from  the  breathing-organ,  and  a  muscular  ventricle 
which  propels  it  through  the  systemic  vessels.  That  a  system 
of  capillaries  in  many  cases  intervenes  between  the  arteries 
and  veins,  appears  from  recent  researches  to  be  probable. 
In  all  cases  the  heart  of  the  Mollusca  is  systemic,  distributing 
the  aerated  blood  to  the  body,  and  in  no  case  ts  it  respiratory, 
propelling  the  non-aerated  blood  to  the  breathing-organ. 

In  the  Polysoa  there  is  no  differentiated  respiratory  oi^an, 
and  the  function  of  respiration  is  discharged  mainly  by  the 
oral  crown  of  ciliated  tentacles.  In  the  Timkata  respiration 
is  etfected  by  means  of  the  phaiyngeal  or  branchial  sac ;  and 
in  the  Brachiopoda  by  the  oral  arms,  and  possibly,  to  some 
extent,  by  an  "atrial"  or  "water-vascular"  system,  furnished 
with  contractile  dilatations.  In  the  higher  Mollusca  a  distinct 
breathing-organ  is  always  present,  a  portion  of  the  mantle  being 
specialised  for  this  purpose.  In  the  Lamellibranchiata,  and 
the  branchiate  Gasteropoda,  the  breathing-organs  are  in  the 
form  of  lamellar  and  pectinate  gills ;  and  the  same  is  the  case 
with  the  Cephalopoda.  In  the  pulmonate  Gasteropoda,  in 
which  respiration  is  aerial,  a  pulmonary  sac  or  air-chamber  is 
produced  by  the  folding  of  a  portion  of  the  mantle,  over  the 
interior  of  which  the  pulmonary  vessels  are  distributed.  The 
chamber  thus  formed  communicates  with  the  exterior  by  a 
round  aperture  which  can  be  opened  or  closed  at  will ;  and  the 
renovation  of  the  effete  air  within  the  sac  appears  to  be  effected 
mainly  or  entirely  by  simple  diffusion. 
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The  nervous  system  varies  considerably  in  its  development 
In  the  Polyzoa,  Tunkata,  and  Brachiopoda — which  collectively 
constitute  the  MoUuscoida — the  nervous  system  consists  .of  a 
single  ganglion,  or  of  a  principal  pair  with  accessory  ganglia, 
placed  between  the  oral  and  anal  apertiires,  or  on  the  ventral 
surface  of  the  body.  The  true  MoUuscan  type  (fig.  loo),  how- 
ever, of  nervous  system  is  constituted  by  the  presence  of  three 
pairs  of  ganglia,  connected  with  one  another  by  commissures, 
but  distributed  in  a  characteristically  scattered  manner  {hetero- 
gangliate  type).  One  of  these  ganglia  is  situated  above  the 
cesophagus,  and  is  called  the  "  supra-tesophageal"  or  "cerebral" 
ganglion.  A  second  is  placed  below  the  oesophagus;  and  is 
termed  the  "  infra-cesophageal "  or  "  pedal "  ganglion  (from  its 
supplying  the  nerves  to  the  "foot").  The  third  pair  is  the 
most  persistent,  and  is  termed  the  "  branchial "  or  "  parieto- 
splanchnic  "  ganglion. 

Organs  of  sight  exist  in  some  of  the  lower,  and  in  the  majo- 
rity of  the  higher,  Mollusca.  In  the  Cephalopoda,  and  in  some 
of  the  Gasteropoda  (e.g.  Strombidd),  the  eyes  are  of  a  very  high 
type  of  organisation.  In  the  Lamdlibramhiata  the  adults  are 
either  destitute  of  organs  of  vision,  or  possess  numerous  simple 
eyes  ("  ocelli")  placed  along  the  mai^ns  of  die  mantle-lobes. 
Similar  ocelli  are  also  found  in  some  of  the  Tunkata,  placed 
between  the  oral  tentacles.  Organs  of  hearing  exist  in  the 
more  highly  organised  Mollusca,  especially  in  the  Gasteropoda 
and  Cephalopoda,  and  supposed  olfactory  organs  occur  in  some 
of  the  latter. 

Reproduction  amongst  the  Mollusca  is  almost  invariably 
sexual,  but  it  is  by  continuous  gemmation  that  the  colonies  of 
the  Polyzoa,  and  the  social  and  compound  Tunicata,  are  pro- 
duced, and  the  "  statoblasts  "  of  the  former  offer  a  good  ex- 
ample of  non-sexual  reproduction.  The  sexes  are  usually  dis- 
tinct, but  are  in  many  cases  united  in  the  same  individual.  In 
many  forms  the  ova  are  arranged  in  rows,  so  as  to  form  a  strap 
or    bb       hpd    tructure,  termed  the  "nidamental  ribbon." 

Am]  d  by  heir  scientific  name,  the  Mollusca  are  mostly 
sof  b  d  d  m  Is;  but  their  popular  name  of  "Shell-fish" 
exp  h    f   t,  that  the  presence  of  a  shell,  protecting  the 

sof  b  dj  k  w  se  a  very  characteristic  feature  in  the  sub- 
ki    d  4    1     same  time,  a  shell  is  not  universally  present, 

and  many  of  the  Mollusca  are  either  permanently  naked,  or 
possess  nothing  that  would  be  ordinarily  looked  upon  as  a 
shell.  When  there  is  either  no  shell  at  all,  or  merely  a  rudi- 
mentary shell  enclosed,  in  the  mantle,  the  Mollusc  is  said  to  be 
"naked."     The  shell   of  the  "testaceous"  Mollusca  is  very 
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dosely  related  to  tlie  respiratory  organs ;  "  indeed  it  may  be 
regarded  zs  a.  pieumeskdeioii,  being  essentially  a  calcified  por- 
tion of  the  mantle,  of  which  the  breathing-organ  is  at  most  a 
specialised  part.  ...  In  its  most  reduced  form  the  shell 
is  only  a  hollow  cone  or  plate,  protecting  the  breathing-oi^an 
and  heart,  as  in  Limax,  Teslacella,  and  Cartnana  Its  peculiar 
features  always  relate  to  the  condition  of  the  breath  in  g-oi^an, 
and  in  Terebratula  and  Pelonata  it  becomes  identified  with  the 
gill.  In  the  Nudibrancks  the  vascular  mantle  performs,  wholly 
or  in  part,  the  respiratory  office  In  the  Ctphalopods  the  shell 
becomes  complicated  by  the  addition  of  a  distinct,  interna), 
chambered  portion  {pkragmacone),  which  is  properly  a  visceral 
skeleton."-— {Woodward.)  In  a  great  many  of  the  Mollusca 
proper  the  shell  consists  of  but  a  single  piece,  and  they  are 
called  "  univalves."  In  many  others  the  shell  consists  of  two 
separate  plates  or  "valves,"  and  these  are  called  '  bivalves." 
In  others,  again,  as  in  the  Chiton,  the  shell  consists  of  more 
than  two  pieces,  and  is  said  to  be  "  multivalve."  Most,  how- 
ever, of  the  multivalve  shells  of  older  writers  are  in  reality 
referable  to  the  Cirripedia. 

All  the  testaceous  Mollusca  {except  the  Argonaut),  and 
most  of  the  "  naked  "  forms,  acquire  a  rudimentary  shell  before 
their  liberation  from  the  ovum.  In  the  latter  this  rudimentary 
sheil  is  cast  off  as  the  embryo  grows,  but  in  the  former  it  be- 
comes the  "  nucleus  "  of  the  adult  shell.  In  the  bivalves  the 
embryonic  shell  or  "  nucleus "  is  situated  at  the  beak  or 
"umbo"  of  each  valve,  and  is  often  very  unlike  the  remainder 
of  the  shell. 

In  composition  the  shell  of  the  Mollusca  consists  of  carbon- 
ate of  lime — usually  having  the  atomic  arrangement  of  calcite 
—with  a  small  proportion  of  animal  matter.  In  tlie  Pkola- 
didte^  however,  the  calcareous  matter  exists  in  the  allotropic 
condition  of  arragonite,  which  is  very  much  harder  than  calcite. 
As  regards  their  texture,  three  principal  varieties  of  shells  may 
be  distinguished— viz.,  the  " porcellanous,"  the  "nacreous," 
and  the  "fibrous."  In  the  "nacreous"  or  pearly  shells,  as  seen 
in  "mother-of-pearl,"  the  shell  has  a  peculiar  lustre,  due  to 
the  minute  undulations  of  the  edges  of  alternate  layers  of  car- 
bonate of  lime  and  membrane.  The  "fibrous"  shells  are 
composed  of  successive  layers  of  prismatic  cells.  The  "por- 
cellanous "  shell  has  a  more  complicated  stmcture,  and  is  com- 
posed of  three  layers  or  strata,  each  of  which  is  made  up  of 
very  numerous  plates,  "like  cards  placed  on  edge."  The  di- 
rection in  which  these  vertical  plates  are  placed,  is  sometimes 
transverse  in  the  central  layer,  and  lengthwise  in  the  two 
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athers;  or  longitudinal  in  the  middle,  and  transverse  in  the 
outer  and  inner  strata. 

All  living  shells  have  an  outer  layer  of  animal  matter,  which 
is  known  as  the  "epidermis,"  or  " periostracum."  This  is 
sometimes  of  extreme  tenuity,  but  is  sometimes  very  thick,  the 
latter  being  especially  the  case  with  those  shells  which  are 
found  in  fresh  water. 

In  many  of  the  spiral  univalves,  as  the  animal  grows  it 
withdraws  itself  from  the  upper  portion  of  the  shell,  often  par- 
titioning otf  the  space  thus  left  vacant.  In  many  instances 
the  portion  thus  abandoned  falls  off,  and  the  shell  becomes 
"truncated,"  or  "decollated  ;"  this  being  the  normal  condition 
in  fully-grown  examples  of  some  shells. 

In  the  great  majority  of  univalves  the  shell  is  coiled  into 
a  spiral,  the  direction  of  which  is  right-handed,  but  in  some 
cases  the  spiral  is  left-handed,  and  the  shell  is  said  to  be  "re- 
versed," or  "  sinistral."  The  reversed  shell  may  occur  as  the 
normal  condition  of  the  species,  or  it  may  occur  simply  as  a 
variety  of  a  form  which  is  normally  right-handed,  or  "  dextral." 

The  sub-kingdom  MoUusm  is  divided  into  two  great_  divi- 
sions, termed  respectively  the  MoUuscoida,  and  the  Mollusca 
proper.  In  the  former  of  these  the  nervous  system  consists  of 
a  single  ganglion  or  principal  pair  of  ganglia,  ani^  there  is 
either  no  circulatory  organ  or  an  imperfect  heart.  In  the 
latter  the  nervous  system  consists  of  three  principal  pairs  of 
ganglia,  and  there  is  a  well-developed  heart,  consisting  of  at 
least  two  chambers. 
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CHAPTER    XLII. 

rOLYZOA. 

Division  A,  Molluscoida.^ — Nervous  system  ecnstsimg  of  a 
single  ganglion,  or  of  a  principal  pair  with  accessory  ganglia  ;  no 
distind  organ  of  the  circulation,  or  an  imperfect  heart. 

This  division  includes  three  classes — viz.,  the  Polysoa,  the 
J^inicata,  and  the  Braehiopoda. 

Class  I.  Polyzoa  {Bryozoa). — The  members  of  this  class 
are  defined  as  follows : — "  Alimentary  canal  suspended  in  a 
double-walled  sac,  from  which  it  may  be  partially  protruded 
by  a  process  of  evagination,  and  into  which  it  may  be  again 
retracted  by  invagination.  Mouth  surrounded  by  a  circle  or 
crescent  of  hollow,  ciliated  tentacles;  animals  always  forming 
composite  colonies.'' — (Allmaii.) 

Al!  the  Polyzoa  live  in  an  associated  form  in  colonies  or 
"polyzoaria,"  which  are  sometimes  foliaceous  (fig.  102,  i),  some- 
times brandied  and  plant-like,  sometimes  encrusting,  and  very 
rarely  are  free.  Each  "  polyzoarium "  consists  of  an  assem- 
blage of  distinct  but  similar  zodids  arising  by  continuous  gem- 
mation from  a  single  primordial  individual.  The  colonies  thus 
produced  are  in  very  many  respects  closely,  similar  to  those  of 
many  of  the  Hydroid  Polypes,  with  which,  indeed,  the  Bolyzoa 
were  for  a  long  time  classed.  The  "  polyzoarium,"  however, 
of  a  Pofyzoon  differs  from  the  polypidom  of  a  composite  Hy- 
droid in  the  general  fact  that  the  separate  cells  of  the  former 
do  not  communicate  with  one  another  otherwise  than  by  the 
continuity  of  the  external  integument ;  whereas  the  zooids  of 
the  latter  are  united  by  an  organic  connecting  medium,  or 
'f  coenosarc,"  from  whicli  they  take  their  origin.  On  this 
point  Mr  Busk  observes : — 

"  It  has  been  before  said  that  the  Polyzoa  are  always  asso- 
ciated into  compound  growths,  made  up  of  a  congeries  of  in- 
dividuals, which,  though  distinct,  yet  retain  some  degree  of 
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comparable  in  kind  perhaps,  though  not 
btains  in  many  of  tlie  compound  Ascidi- 
imunity  exists  is  proved  by  the  otherwise 
aiice  that  the  polyzoaria  in  many  instances 
mmon  to  the  whole  growth,  and  not  be- 
any individual.  The  chief  bond  of  con- 
j  to  reside  partly  in  the  continuity  of  the 
and  partly  also,  in  all  probability,  in  a 
the  vital  fluid  with  which  the  cavities  of 
1." 

jf  the  Potyzoa  [Ctenostomaia),  the  polyzo- 
iries  of  cells  arising  from  a  common  tube, 
does  not  affect  the  value  of  the   above 
:tween  the  Polyzm  and  the  Hydroida. 
f  difference  is  found  in  the  invariably  cor- 

..^v,,...,  \.,.  ^ u«^,  texture  of  the  polypidoms  oi  the  Hydrmda, 

whereas  those  of  the  Polysoa  may  be  corneous  or  fieshy,  but 
are  in  the  majority  of  instances  more  or  less  highly  charged  with 
carbonate  of  Ume. 

The  homomorphism,  however,  which  subsists  between  the 
Polyzoa  and  the  Hydroida  is  shown  most  decisively  not  to  be 
a  true  affinity,  when  the  structure  of  the  individual  zooids  is 
examined.  The  polypite  of  a  Hydroid  Zoophyte,  as  we  have 
already  seen,  possesses  no  alimentary  canal  distinct  from  the 
general  cavity  of  the  body ;  there  are  no  traces  of  a  nervous 
system,  and  the  reproductive  organs  are  in  the  form  of  exter- 
nal processes  of  the  body-wall.  In  the  zooid  of  all  the  Polyzoa 
(fig.  loi,  2),  on  the  other  hand,  there  is  a  distinct  alimentary 
canal,  completely  shut  off  from  the  somatic  cavity ;  a  nervous 
system  is  present,  and  the  reproductive  organs  are  contained 
within  the  body. 

The  following  are  the  more  important  differences  in  the  ter- 
minology employed  to  designate  the  various  parts  of  the  com- 
pound growths  of  the  Polyzoa  and  the  Hydrozoa.  In  the 
Hydroida  the  entire  colony  is  called  the  "hydrosoma,"  and  its 
investing  layer,  when  present,  is  called  the  "  polypary,"  or 
"  polypidom ;"  whilst  the  individuals  composing  the  hydrosoma 
are  called  the  the  "  polypites,"  and  the  cups  in  which  these  are 
in  some  cases  contained  are  called  "  hydrothecs."  In  the 
Polysoa  the  entire  colony^or  its  entire  dermal  system — is 
called  the  "  polyzoarium  "  or  "  ccencecium  ;  "  the  separate 
zooids  are  called  "  polypidcs;"  and  the  little  chambers  in  which 
each  is  contained  are  called  the  "cells." 

It  will  be  seen,  therefore,  that  the  ttrsa.  polypite  is  restricted 
to  the  zooid  of  a  compound  Hydrosoon,  or  to  the  entire  hydro- 
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soma  of  a  simple  member  of  the  class.  The  term  polype  is 
applied  to  a  simple  Adinosobn,  or  to  the  zooids  of  a  compound 
actinosoma.  Lastly,  the  X&x'sa  polypide  is  exclusivel)'  employed 
to  designate  the  zooid  of  one  of  the  Polyzoa. 

The  construction  of  a  typical  polypide  of  a  Polysoon  is  thus 
described  by  Professor  Allman  (fig.  loi,  2)  :— 

"  Let  us  imagine  an  alimentary  canai,  consisting  of  oeso- 
phagus, stomach,  and  intestine,  to  be  furnished  at  its  origin 
with  long  ciliated  tentacula,  and  to  have  a  single  nervous  gan- 
glion placed  upon  one  side  of  the  oesophagus.  Let  us  now 
suppose  this  canal  to  be  bent  back  upon  itself  towards  the 
side  of  the  ganglion,  so  as  to  approximate  the  termination  to 
the  origin.  Let  us  further  imagine  the  digestive  tube  thus 
constituted  to  be  suspended  in  a  fluid  contained  in  a  mem- 
branous sac  with  two  openings,  one  for  the  mouth  and  the 
other  for  the  vent,  the  tentacula  alone  being  external  to  the 
sac  Let  us  still  further  suppose  the  alimentary  tube,  by  means 
ol  a  system  of  muscles,  to  admit  of  being  retracted  or  pro- 
truded according  to  the  will  of  the  animal ;  the  retraction 
being  accompanied  by  an  invagination  of  the  sac,  so  as  par- 
tially or  entirely  to  include  the  oral  tentacles  within  it ;  and  if 
to  these  characters  we  add  the  presence  of  true  sexual  organs 
in  the  form  of  ovary  and  testis,  occupying  some  portion  of  the 
interior  of  the  sac,  and  the  negative  character  of  the  absence 
of  al!  vestige  of  a  heart,  we  shall  have,  perhaps,  as  correct 
an  idea^ — apart  from  all  considerations  of  homology  or  deriva- 
tion from  an  archetype — as  can  be, conveyed  of  the  essential 
structure  of  a  Polyzoon  In  its  simplest  and  most  generalised 
condition. 

"To  give,  however,  more  actuality  to  our  ideal  Polyzoon, 
we  may  bear  in  mind  that  the  immediately  investing  sac  has 
the  power,  in  almost  every  case,  of  secreting  from  its  external 
surface  a  secondary  investment  of  very  various  constitution 
in  the  different  groups ;  and  we  may,  moreover,  conceive  of 
the  entire  animal  with  its  digestive  tube,  tentacula,  ganglion, 
muscles,  generative  organs,  circumambient  fluid,  and  investing 
sacs,  repeating  itself  by  gemmation,  and  thus  producing  one 
or  more  precisely  similar  systems,  holding  a  definite  position 
relatively  to  one  another,  while  all  continue  organically  united, 
and  we  shall  then  have  the  actual  condition  presented  by  the 
Polyzoa.  in  their  fully-developed  state." 

The  vast  majority  of  the  Polyzoa  are  fixed,  but  this  is  not 
universally  the  case.  Thus  the  singular  fresh-water  Cristalella 
is  free  and  locomotive,  creeping  about  by  means  of  a  flattened 
discoid  base,  not  unlike  the  foot  of  the  Gasta-opoda. 
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The  two  fundamental  structures  of  the  ' 


daiy  ii 


"ectoderm;"  but  as  these  terms  are  employed  in  describing  the 
Hydrozoa,  it  is  better  to  make  use  of  the  terms  "  endocyst " 
and  "  ectocyst,"  proposed  by  Dr  Allman. 

The  "  ectocyst,"  or  external  investment  of  the  ccencecium, 
is  usually  a  brown,  pergamentaceous,  probably  chitinous,  but 
often  highly  calcareous,  membrane;  and  it  is  by  the  ectocyst 
that  the  "cells"  are  formed.  In  Cristatella,  alone  of  the 
Polyzoa,  there  is  no  ectocyst,  and  in  Lophopus  (fig.  102,  3)  the 
ectocyst  is  gelatinous  in  its  consistence.  In  many  cases  the 
ectocyst  is  provided  with  singular  appendages,  supposed  to  be 
iveapons  of  offence  and  defence,  termed  "avicularia"  (fig.  101, 
3)  and  "vibracula."  The  avicularia,  or  "bird's-head  processes," 
differ  a  good  deal  in  shape,  but  consist  essentially  of  "a 
movable  mandible  and  a  cup  furnished  with  a  homy  beak, 
with  which  the  point  of  the  mandible  is  capable  of  being 
brought  mto  apposition."— (Busk.)  In  shape  the  avicularia 
often  closely  resemble  the  head  of  a  bird,  and  they  are  in  many 
respects  comparable  with  the  "  pedicellarise  "  of  the  Echinoder- 
mata  *     In  the  "  vibracula,"  the  place  of  the  mandible  of  the 

*  There  is  great  reason,  however,  as  shown  by  Huxley,  to  regard  Ihe 


Hosled  by  Google 


MOLLUSCOIDA;   POLYZOA.  283 

avicularium  is  taktii  by  a  bristle  or  seta,  which  is  capable  of 


Ihe  eridocyit  h  always  soft  contr^Ltile  and  membranous. 
It  lines  the  mtenor  of  the  cells  formed  by  the  ectocj-st,  and  Is 
reflected  backwards  at  the  mouth  of  the  cell,  so  as  to  be  inva- 
ginated  or  inverted  into  itielf  and  it  finally  terminates  by 
being  attached  to  the  base  of  the  c  relet  of  tentacles.  This 
mvi{,mat  on  of  the  endocyst  is  more  or  less  permanently  pre- 
sent m  ill  the  freah  water  Poly,,  a  A  portion  of  the  inner 
surface  of  the  endocjst  if  not  the  whole  is  furnished  with 
\  ibrit  le  oil  1 


if  the  Sea-Diats,  natural  liie.  a.  A 
;  the  orhiculac  crown  of  tentacles 
■uiater  PolyzoOn,  highly  magnified, 
ts:  aTenlaculatcrawn;  itialla; 
f  c^tomacn;  /t  tvKSTinc;  tjutus;  ^ui7?ara;  «  jSndocyst;  ^  Ectocyst ; y Funiculus. 

The  mouth  of  each  polypide  is  surrounded  by  a  crown  of 
tubular,  non-retractile  tentacles,  which  have  their  sides  ciliated, 
and  are  arranged  sometimes  in  a  circle  and  sometimes  in  a 
crescent.  In  the  fresh-water  Polysoa  the  tentacles  are  united 
towards  their  bases  by  a  funnel-shaped  membrane,  known  as 
the  "  calyx."     The  tentacles  are  borne  upon  a  kind  of  disc,  or 


anicularia,  not  as  mere  appenclagea  or  organs  of  any  kind,  but  as  peculiar! 
modified  soSids,  having  many  singular  points  of  affinity  with  the  Brachi 
poda.  The  aviadaria,  like  the  pedkdlarki  of  the  Echmodermata,  contim 
tbeir  movements  long  aflet  Ihe  death  of  the  animal. 
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Stage,  which  is  termed  by  Professor  Allrnan  the  "  lophophore." 
In  the  majonty  of  Po/ysoa — including  almost  all  the  marine 
species — the  lophophore  is  circular  (fig.  to2,  2);  but  in  most  of 
the  fre^h  water  lorms  it  has  its  neural  side  extended  into  two 
long  arms,  so  that  the  entire  lophophore  becomes  crescentic 
or  "horse-shoe-shaped"  (fig.  102,  3);  hence  this  section  is 
sometimes  collectively  tenned  the  "  Hippocrepian "  Polyzoa. 
In  all  the  Polyzoa  in  which  this  crescentic  condition  of  the 
lophophore  exists,  there  is  also  a  singular  valve-like  organ 
which  arches  over  the  mouth,  and  is  termed  the  "epistome." 
The  only  marine  forms  in  which  the  lophophore  is  bilateral 
are  Pedkdlitia  and  Rhabdopleura ;  the  only  fresh-water  species 
in  which  the  lophophore  is  orbicular  are  Paludkella  and 
Urnatdla. 

The  mouth  conducts  by  an  cesophagus  into  a  dilated  stomach. 
In  some  cases  a  pharynx  may  be  present,  and  in  others  there 
is  in  front  of  the  stomach  a  muscular  proven triculus,  or  giz- 
zard. From  the  stomach  proceeds  the  intestine,  which  shortly 
turns  forward  to  open  by  a  distinct  anus  close  to  the  mouth. 
As  the  nervous  ganglion  is  situated  on  that  side  of  the  mouth 
towards  which  the  intestine  turns  in  order  to  reach  its  termina- 
tion, the  intestine  is  said  to  have  a  "  neural  flexure,"  and  this 
relation  is  constant  throughout  the  entire  class. 

Respiration  m  the  Polysoa  appears  to  be  carried  on  by  the 
ciliated  tentacles,  and  by  the  "perigastric  space,"  which  is 
filled  with  a  clear  fluid,  containing  sohd  particles  in  suspen- 
sion A  kind  of  circulation  is  kept  up  in  this  "  perigastric 
fluid"  by  means  of  the  cilia  lining  the  inner  surface  of  the 
endocyst  Beyond  this  there  is  nothing  that  could  be  caUed 
a  circulation,  and  there  are  no  distinct  circulatory  organs  of 
an  J  kind 

The  nerious  system  m  all  llie  Pohzoa  consists  of  a  single 
small  ganglion  (hg  loi,  2),  placed  upon  one  side  of  the  ceso- 
phagus, between  it  and  the  anal  aperture.  Besides  the  single 
ganglion  which  belongs  to  each  polypide,  there  is  also  in  many, 
if  not  in  all,  of  the  Polyzoa,  a  "  colonial  nervous  system  j "  that 
is  to  say,  there  is  a  well-developed  nervous  system,  which 
unites  together  the  various  zooids  composing  the  colony,  and 
brings  them  into  relation  with  one  another.  It  is  probably  in 
virtue  of  this  system  that  the  avieularia  are  enabled  to  con- 
tinue their  movements,  and  retain  their  irritability  after  the 
death  of  the  polypides. 

The  muscular  system  is  well  developed,  and  consists  of 
various  muscular  bands,  with  special  functions  attaching  to 
each.     The  most  important  fasciculi  are  the  retractor  muscles 
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(fig.  101,  2,  g),  which  retract  the  upper  portion  of  the  poJypide 
within  the  cell.  These  muscles  arise  from  the  inner  surface  of 
the  endocyst  near  the  bottom  of  the  cell,  and  are  inserted  into 
the  upper  part  of  the  cesophagus.  The  polypide,  when  re- 
tracted, is  again  exserted,  chiefly  by  the  action  of  the  "  parietal 
muscles,"  which  are  in  the  form  of  circular  bundles  runnuig 
transversely  round  the  cell. 

As  far  as  is  known,  all  the  Polyzoa  are  hermaphrodite,  each 
polypide  containing  an  ovary  and  testis  (fig.  101,  2).  The 
ovary  is  situated  near  the  summit  of  the  cell,  and  is  attached 
to  the  inner  surface  of  the  endocyst.  The  testis  is  situated  at 
the  bottom  of  the  cell,  and  a  curious  cylindrical  appendage, 
called  the  "funiculus,"  usually  passes  from  it  to  the  fundus  of 
the  stomach.  There  are  no  efferent  ducts  to  the  reproductive 
organs ;  and  the  products  of  generation— ;>.,  the  spermatozoa 
and  ova  — are  dischai^ed  into  the  perigastric  space,  where 
fecundation  takes  place;  but  it  is  not  certainly  known  how 
the  impregnated  ova  escape  into  the  external  medium. 

As  already  mentioned,  continuous  gemmation  occurs  in  all 
the  Polysoa,  the  fresh  zooids  thus  produced  rtma'ning  attached 
to  the  organism  from  which  they  were  buddtd  forth,  and  thus 
giving  rise  to  a  compound  growth 

A  form  of  discontinuous  gemmation  honcier  occurs  m 
many  of  the  Polyzoa,  in  which  certam  smgular  bodies,  caJled 
"  statoblasts,"  are  developed  in  the  mtenor  of  the  poljpide. 
The  statoblasts  are  found  in  certain  seasons  Ijmg  loose  in  the 
perigastric  cavity.  In  form  "they  may  be  generally  described 
as  lenticular  bodies,  varying,  according  to  the  species,  from  an 
orbicular  to  an  elongated-oval  figure,  and  enclosed  in  a  homy 
shell,  which  consists  of  two  concavo-convex' discs  united  by 
their  maigins,  where  they  are  furtlier  strengthened  by  a  ring 
which  runs  round  the  entire  margin,  and  is  of  different  struc- 
ture from  the  discs.  .  .  .  When  the  statoblasts  arc  placed 
under  circumstances  favouring  their  development,  they  open 
by  the  separation  fi'om  o'ne  another  of  the  two  faces,  and 
there  then  escapes  from  them  a  young  Pofyzaon,  already  in  an 
advanced  stage  of  development,  and  in  all  essential  respects 
resembling  the  adult  individual  in  whose  cell  the  statoblasts 
were  produced." — (Allman.)  The  statoblasts  are  formed  as 
buds  upon  the  "  funiculus  "^ — the  cord  ah'eady  alluded  to  as 
"extending  from  the  testis  to  the  stomach — upon  which  they 
may  usually  be  seen  in  different  stages  of  growth.  They  do 
not  appear  to  be  set  free  from  the  perigastric  space  prior  to 
the  death  of  the  adult,  and  when  liberated  they  are  enabled 
to  float  near  the  surface  of  the  water,  in  consequence  of  the 
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cells  of  the  mai^nal  ring,  or  "annulus,"  being  spongy  and 
filled  with  air.  They  must  be  looked  upon  as  ^^ gemma  pecu 
liarly  encysted,  and  destined  to  remain  for  a  period  in  a  qui- 
escent or  pupa-like  state." — (Aliman.) 

As  r^ards  the  development  of  the  Polyzoa,  Che  embryo 
upon  its  emergence  from  tjie  ovum  presents  itself  as  a  ciliated, 
free-swimming,  sac-like  body,  from  which  the  polypide  is  sub- 
sequently produced  by  a  process  of  gemmation.  In  the  sin- 
gular Rhabdopleura  the  primitive  bud  is  enclosed  between  two 
fleshy  iobes  or  valve-like  plates,  attached  along  their  dorsal 
margin,  and  giving  exit  in  front  to  the  rudimentary  lophophore. 
As  the  development  proceeds,  these  plates  cease  to  keep  p.ice 
in  their  growth  with  the  rest  of  the  bud ;  till  ultinnately  they 
appear  as  a  peculiar  shield-like  organ  on  the  ha;ma!  side  of  the 
lophophore.  These  lobes  have  been  compared  by  Dr  Aliman 
with  the  raantle-lobes  of  the  Lamdlibranchiata. 

Divisions  of  the  Polyzoa. — The  Polyzoa  are  divided  into 
two  divisions  or  orders— the  Phylattolcemata  (fig.  io2,  3),  dis- 
tinguished by  the  possession  of  a  bilateral  horse-shoe-shaped 
lophophore,  and  of  an  "  epistome  "  arching  over  the  mouth  ; 
and  the  Gymmlmmata  (fig.  102,  2),  in  which  the  lophophore  is 
orbicular,  and  there  is  no  epistome. 


Order  I.   Piiylactol^mata. 

Lophophore  bilateral ;  mouth  with  aji  epistome. 
Sub-order  I.  Lophofea  (fresh- water) . 

Anns  of  lophophore  free  or  obsolete  ;  consistence  homy,  sub-cal- 
careous. 
Sub-order  2.  PedkdUnea  (marine). 

Arms  of  lophophore  united  at  their  extremities  ;  consistence  soft, 
fleshy. 
Sub-order  3.  Ehabdopleurea  (marine). 

Ctentecium  branched,  adherent,  membranous,  with  a  solid  chiti- 
nous  rod  on  its  adherent  side,  to  which  the  polypites  are  attached 
by  their. funiculi.  Lophophore  completely  hippocrepian,  with  a. 
peculiar  shield-like  body  on  its  hicmal  side.      No  epistome  (?) 

Order  IL  Gymnol^mata. 

Lophophore  orbicular,  or  nearly  so  ;  no  epistome. 
Sab-erdsr  ^  Jii/udice/Iaz  (tiesh-viater). 

Polypide  completely  retractile  ;  evaginalion  of  tentacul.ir  slieath 
imperfect ;  consistence  homy  or  sub-caleareous. 
Sub-order  5.  Cheilasloniata  (marine). 

Polypide  completely  retractile;  evagination  perfect ;  orifice  of  cell 
Eub- terminal,  of  less  diameter  than  the  celt,  and  usually  closed  with 
X  movable  ll"p  or  shotter,  sometimes  by  a  contractile  sphincter;  cells 
not  tubular;  consistence  calcareous,  homy,  or  fleshy. 
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Sii-ardi^  6.    Cydestomata  (marino). 

Cell  tubular;  orifice  terminal,  of  (he  same  diameter  as  the  cell, 
without  any  movable  apparatus  for  its  closure  ;  consistence  cal- 

Sub-crdet  7.  Cteiioslomala  (marine). 

Orifice  of  the  cell  terminal,  furnished  with  a  usually  setose  fringe 
for  its  closure  ;  celts  distinct,  arising  ftotii  a  common  tube  ;  coiisist- 


CHAPTER    XLIII 

TUNICATA. 

Class  II.  Tunicata  {Asddioidd). — The  members  of  this  class 
of  the  Molluscoida  are  defined  as  follows  : — "  Ahmentary  canal 
suspended  in  a  double-walled  sac,  but  not  capable  of  protru- 
sion and  refraction ;  mouth  opening  into  the  bottom  of  a  re- 
spiratory sac,  whose  walls  are  more  or  less  completely  lined  by 
a  network  of  blood-vessels." — (Altaian.)  Animal  simple  or 
composite.  An  imperfect  heart  in  the  form  of  a  simple  tube 
open  at  both  ends. 

The  Tunicaries  ate  all  marine,  and  are  protected  by  a  lea- 
thery, elastic  integument,  which  takes  the  place  of  a  shell.  In 
appearance  a  solitary  Ascidian  (fig.  103)  may  be  compared  to 
a  double-necked  jar  with  two  prominent  apertures  situated 
close  to  one  another  at  the  free  extremity  of  the  animal,  one 
of  these  being  the  mouth,  whilst  the  other  serves  as  an  excre- 
tory aperture.  The  covering  of  an  Ascidian  is  composed  of 
two  layers.  Of  these  the  outer  is  called  the  "  external  tunic," 
or  "  test,"  and  is  distinguished  by  its  coriaceous  or  cartilaginous 
consistence.  It  is  also  rejnarkable  for  containing  a  substance 
which  gives  the  same  chemical  reactions  as  cellulose,  and  is 
probably  identical  with  this  characteristic  vegetable  product. 
The  test  is  lined  by  a  second  coat,  which  is  termed  the  "  second 
tunic,"  or  "mantle,"  and  which  is  mainly  composed  of  longi- 
tudinal and  circular  muscular  fibres.  By  means  of  these  the 
animal  is  endowed  with  great  contractility,  and  has  the  power 
of  ejecting  water  from  its  branchial  aperture  with  considerable 
force.  The  mantle  lines  the  test,  but  is  only  slightly  and 
loosely  attached  to  it,  especially  near  the  apertures.  The 
mouth  is  generally  surrounded  by  a  circlet  of  smalt,  non-ciliated, 
non-retractile  tentacles,  and  opens  into  a  large  chamber  (fig. 
J03,  I,  c),  which  usually  occupies  the  greater  part  of  the  cavity 
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of  the  mantle,  and  has  its  walls  perforated  by  numerous  aper- 
tures This  is  known  variously  as  the  '* pharynx,"  the  "respi- 
ratory sac,"  or  the  "branchial  sac."  (It  must  be  remembered 
that  Che  aperture  hce  spoken  of  as  the  mouth  can  only  be 
looked  upon  m  this  light  provided  that  the  respiratory  sac  is 
looked  upon  a*:  the  pharj-nx.  By  Professor  Allraaii,  whose 
dehnition  is  given  at  the  head  of  this  chapter,  this  view  is  not 
accepted,  and  consequently  the  internal  or  inferior  opening  of 
the  respiratory  sac  is  regarded  as  the  true  mouth.)  Inferiorly 
the  respiratory  sac  leads  by  a  second  aperture  into  an  ceso- 
phagus,  nhich  opens  into  a  capacious   stomach.      From  the 


iple  AscLdian  (afltr  Woodward]. 


Stomach  an  intestine  is  continued,  generally  with  few  flexures, 
to  the  anal  aperture,  which  does  not  communicate  directly 
with  the  exterior,  but  opens  into  the  bottom  of  a  second  cham- 
ber, which  is  called  the  "cloaca"  (fig.  103,  i,f).  Superiorly 
the  cloaca  communicates  with  the  external  medium,  by  means 
of  the  second  aperture  iii  the  test.  The  first  bend  of  the 
intestine  is  such  that,  if  continued,  it  would  bring  the  anus  on 
the  opposite  side  of  the  mouth  to  that  on  which  the  nervous 
ganglion  is  situated.  The  intestine,  therefore,  is  said  to  have 
a  "haemal  flexure;"  whereas  the  flexure  in  the  case  of  the 
Polyzoa  is  "neural."  The  intestine,  however,  in  the  Tunkata 
does  not  preserve  this  primary  haemal  flexure,  but  is  again 
bent  to  the  neural  side  of  the  body,  the  nervous  ganglion  coming 
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finally  to  be  situated  between  the  mouth  and  the  rectum.  As 
just  stated,  the  anus  is  not  in  direct  communication  with  the 
exterior,  but  opens  into  a  large  cavity,  called  the  "  cloaca,"  or 
"atrial  cliamher,"  which,  in  turn,  opens  externally  by  tJie 
second  aperture  of  the  animal.  This  cloaca  is  a  lai^e  sac  lined 
by  a  membrane  which  "  is  reflected  like  a  serous  sac  on  the 
viscera,  and  constitutes  the  'third  tunic,'  or  'peritoneum.'" 
From  ihscloaca  "it  is  reflected  over  both  sides  of  the  pharynx" 
(respiratory  sac),  "extending  towards  its  dorsal  part  very 
nearly  as  far  as  that  structure  which  has  been  termed  the  '  en- 
dostyle.'  It  then  passes  from  the  sides  of  the  pharynx  to  the 
body-walls,  on  which  the  right  and  left  lamellfe  become  con- 
tinuous, so  as  to  form  the  lining  of  the  chamber  into  which  the 
second  aperture  leads,  or  the  'atrial  chamber.'  Posteriorly, 
or  at  the  opposite  end  of  the  atrial  chamber  to  its  aperture,  its 
lining  membrane  (tW 'atrial  tunic')  is  reflected  to  a  greater 

or  less  extent  over  the  intestine  and  circulatory  organs 

Where  the  atrial  tunic  is  reflected  over  the  sides  of  the  pharynx, 
the  two  enter  into  a  more  or  less  complete  union,  and  the  sur- 
faces of  contact  become  perforated  by  larger  or  smaller,  more 
or  less  numerous,  apertures.  Thus  the  cavity  of  tlie  pharynx 
acquires  a  free  communication  with  that  of  the  atrium ;  and 
as  the  margins  of  the  pharyngo-atrial  apertures  are  fringed  with 
cilia  working  towards  the  interior  of  the  body,  a  current  is 
produced,  which  sets  in  at  the  oral  aperture  and  out  by  the 
atrial  opening,  and  may  be  readily  observed  in  a  living 
Ascidian." —  (Huxley.) 

As  regards  some  points  in  the  above  description,  Professor 
AUman  does  not  agree  with  Huxley,  but  believes,  on  the  other 
hand,  "  that  the  walls  of  the  atrium  simply  surround  the 
branchial  sac,  without  being  reflected  on  its  sides,  and  that  the 
branchial  sac  is  therefore  properly  within  the  cavity  of  tlie 
atrium." 

In  structure,  the  pharyngeal  or  '"branchial"  sac  is  composed 
of  a  series  of  longitudinal  and  transverse  bars,  whicJi  cross 
each  other  at  right  angles,  and  thus  give  rise  to  a  series  of 
quadrangular  meshes,  the  margins  of  which  are  fringed  with 
vibratile  cilia.  These  bars  are  hollow,  and  are  reaJly  vessels 
vdiich  open  on  each  sideinto  two  main  longitudinal  sinuses, 
the  so-called  "branchial"  or  "thoracic"  sinuses — one  of  which 
is  placed  along  the  htenial  side  of  the  pharynx,  whilst  the 
Other  runs  along  its  neural  aspect.  The  function  of  the  entire 
perforated  pharynx  is  clearly  respiratory. 

The  Tunicata  possess  a  distinct  heart,  consisting  of  a  simple 
muscular  tube,  which  is  open  at  both  ends,  and  is  not  provided 
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with  valves.  In  consequence  of  this,  the  circulation  in  the 
majority  of  Tunicaries  is  periodically  reversed,  the  blood 
being  propelled  in  one  direction  for  a  certain  number  of  con- 
tractions, and  being  then  driven  for  a  like  period  in  an  oppo- 
site direction ;  "  so  that  the  two  ends  of  the  heart  are  alter- 
nately arterial  and  venous," 

The  nervous  system  consists  of  a  single  gahghon  placed  on 
one  side  of  the  oral  aperture,  between  it  and  the  anus,  in  all 
known  Tunkata,  except  in  the  aberrant  form  Appmdicularia. 

The  only  organs  of  sense  are  pigment-spots,  or  ocelli,  placed 
between  the  oral  tentacles,  and  an  auditory  capsule,  sometimes 
containing  an  otolith.  These  organs,  however,  do  not  appear 
to  be  constantly  present 

With  the  exception  of  DoUolum  and  Appendkularia,  all  the 
Tunicata  are  hermaphrodite.  The  reproductive  organs  arc 
situated  in  the  fold  of  the  intestine,  and  their  efferent  duct 
opens  into  the  atrium  The  embrjo  Tumcite  is  it  tin,!  gene 
ra'ly  free,  and  is  mostly  shaped  like  the  tadpole  of  a  frog, 
swimming  by  means  of  a  long  ciudal  appendage  In  one 
species  (Moigula  tubulosa)  the  lirval  form  is  destitute  of  a  tail, 
inactive,  and  amceboid,  tnd  it  almost  immediately  attaches 
Itself  by  means  of  little  outward  processes  which  it  develops 
Lastly,  in  several  mstinces  the  larval  caudal  appendit,e  his 
been  shown  to  exhibit  a  cylindncal  rod  lite  body,  which  has 
been  paralleled  with  the  chorda  dorsala  of  Vertebrates 

Amongst  the  Silpians  a  species  of  alternation  of  gcnentions 
has  been  observed  A  sohtarj  baipian  produces  long  chams 
of  embryos,  which  remain  or^ ami  all)  connetted  throughout 
their  entire  life  Each  mdinduil  of  these  associated  speci 
mens  produces  sohtarj  young,  whu.Ii  are  often  very  unlike  their 
parents,  and  these  again  give  rise  to  the  aggregated  forms. 

The  Tunicata  are  often  spoken  of  as  exhibiting  three  main 
types  of  structure,  which  give  origin  to  as  many  sections, 
known  respectively  as  the  solitary,  the  social,  and  the  compotmd 
fomis.  In  the  "  solitary"  Tunicaries,  the  individuals,  however 
produced,  remain  entirely  distinct,  or,  if  not  so  primitively, 
they  become  so.  In  the  "social"  Ascidians  the  organism 
consists  of  a  number  of  zooids,  produced  by  gemmation  and 
permanently  connected  together  by  a  vascular  canal,  or  "stolon," 
composed  of  a  prolongation  of  the  common  tunic,  through 
which  the  blood  circulates.  Finally,  in  the  "  compound"  forms, 
the  zooids  become  aggregated  into  a  common  mass,  their  tests 
being  fused  together,  but  there  being  no  internal  union.  The 
Botrylli,  which  are  familiar  examples  of  the  compound  Tuni- 
cates,  form  semi-transparent  masses,  often  of  brillinnt  colours. 
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attached  to  various  submarine  objects,  and  consisting  of 
numerous  zooids  arranged  in  star-shaped  groups.  They  are 
almost  always  "very  small,  soft,  irritable,  and  contractile, 
changing  their  form  with  the  slightest  movement"— (StarL) 

Homologies  of  the  Tunicata.- — The  general  resemblance 
between  a  solitary  Ascidian  and  a  single  poiypide  of  a  PolyzoSn 
is  extremely  obvious;  each  consisting  of  a  double-walled  sac. 
containing  a  freely  suspended  alimentary  canal,  with  a  distinct 
mouth  and  amis,  and  a  nervous  ganglion  placed  between  the 
two.  The  chief  feature  in  the  Tunkata,  as  to  the  exact  nature 
of  which  there  is  much  difference  of  opinion,  is  the  branchial 
or  respiratory  sac.  By  Professor  AUman  this  is  believed  to  be 
truly  homologous  with  the  'tentacular  crown  of  the  Poiyzoa, 
and  the  oral  tentacles  of  the  Tunicaries  are  believed  to  be 
something  superadded,  and  not  represented  at  all  in  the  Poly- 
soa.  By  Professor  Huxley,  on  the  other  hand,  the  branchial 
sac  is  looked  upon  as  an  enormously  developed  pharynx,  and 
the  oral  tentacles  are  regarded  as  a  rudimentary  representative 
of  the  tentacular  crown  of  the  Pelyzoa.  Probably  the  most 
'correct  view  of  the  homologies  of  the  Tunkata  is  taken  by 
RoUeston,  who  regards  the  "  branchial  sac  "  as  the  homologue 
of  the  gills  of  the  ordinary  Bivalve  Molluscs  (Lamellibranchiata), 
whilst  the  oral  and  atria!  apertures  are  looked  upon  as  corres- 
ponding to  the  respiratory  apertures  of  these  same  animals. 

Divisions  of  the  'I'unicata. — By  Professor  Huxley  the 
following  arrangement  of  the  Tunicaries  is  adopted ; — ■ 


Oi^er  I.  Ascidia  Braiichialia. 

Branchial  sac  occupying  the  whole,  or  nearly  the  whole,  length  of 
the  body ;  intestine  lying  on  one  side  of  it.       (AsiidiaJa,  BoUylliis, 

Order  II.  Ascidia  AMominalia, 

lentaiy  canal  complet   , 

■ativefy  small      (Clwodlina,  Dolioluii 
Order  III.  Ascidia  Larvalia. 

Permanent  larval  form.      lAfpendieiilaria.) 

The  following  subdivisions  are  those  adopted  by  Mr  Wood- 
ward : — 

Class  Tukicata. 

FuM.  I.  Ascidiaiiie  (Simple  Ascidians). 

Aiiimil  simple,   fixed,  solitary,    or  gregarious  ;    oviparous  ;    sexes 
united;  branchial  sac  simple;  or  disposed  in  (S— 18)  deepand  regulai 
folds. 
Fam.  II.  Climdiinids  (Social  Ascidians). 

Animal  compound,  fixed ;  individuals  connected  by  creepmg  tubular 
prolongations  of  the  common  timic  through  which  the  blood  circulates 
14 
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(or  l^  a  common  gelatinous  base).     Reproduction  effected  by  ova,  of 
by  gemmation  from  the  common  tube  ;  the  new  individuals  remaining 
attached  to  the  parent,  or  becoming  completely  free. 
J^am.  HI.  BetrylHda:  (Compound  Ascjdians). 

Animals  compound,  fixed,  their  tests  fused,  forming  a  common  mass 
in  which  they  are  imbedded  in  one  or  more  groups.     Individuals  not 
connected  by  any  internal  union  ;  oviparous  and  gemmiparous. 
Fam.  IV.  Pi'Tvsomidit. 

Animal  compound,  free  and  oceanic 
Mm.  V.  .Wpidm. 

Animals  free  and  oceanic  ;  alternately  solitary  and  aggregated. 


CHAPTER    XLIV. 

BRACHIOPODA. 

Class  III.^BRdCHiopoDA  {PalUobranchiaia). — The  members 
of  this  class  are  defined  by  the  possession  of  a  body  protected 
by  a  bivalve  shell,  which  is  hned  by  an  expansion  of  the  in- 
tegument, or  "mantle."  The  mouth  is  furnished  with  two 
long  cirriferous  arms.  The  nervous  system  consists  of  a  single 
ganglion,  placed  in  the  re-entering  angle  between  the  gullet 
and  the  rectum,  so  that  the  intestine  has  a  "  neural  flexure." 

The  Brachiopoda  are  essentially  very  similar  in  structure  to 
the  Polyzoa,  from  which  they  are  distinguished  by  the  fact  that 
they  are  never  composite,  and  by  the  possession  of  a  bivalve, 
calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  "  Lamp-shells,"  and  are  all  inhabitants  of  the  sea.  All  the 
living  forms  are  fixed  to  some  solid  object  in  their  adult  condi- 
tion ;  but  there  is  good  reason  to  believe  that  many  of  the 
fossil  forms  were  unattached  and  free  in  their  fully-grown  con- 
dition. From  the  presence  of  a  bivalve  shell,  the  Brachiopods 
have  often  been  placed  near  the  true  bivalve  Mollusca  (the 
LameHibranchiata)\.\i\i.t  their  organisation  is  very  much  inferior, 
and  there  are  also  sufficient  differences  in  the  shell  to  justify 
their  separation. 

The  two  valves  of  the  ^\A\  oi  ^.-ay  Brachiopod  ^x^  articulated 
together  by  an  apparatus  of  teeth  and  sockets,  or  are  kept  in 
apposition  by  muscular  action  alone.  One  of  the  valves  is 
always  slightly,  sometimes  greatly,  larger  than  the  other,  so 
that  the  shell  is  said  to  be  "  inequivalve."  As  regards  the 
contained  animal,  tlie  position  of  the  valves  is  anterior  and 
posterior,  so  that  they  are  therefore  termed  respectively  the 
"ventral"  and    "dorsal"   valves       In   the  ordinary  bivalve 


Hosled  by  Google 


MOLLUSCOIDA  :   ERACIIIOPODA. 


293 


MoUusca  {Zameilibrancfi{ala\  on  the  other  hand,  the  two  valves 
of  the  shell  are  usually  of  the  same  size  (equivalve),  and  they 
are  situated  upon,  the  sides  of  the  animal ;  so  that,  instead,  of 
being  dorsal  and  ventral,  they  are  now  tenned  "right"  and 
"  left"  valves.  The  ventral  valve  in  £he  shell  of  the  Brachio- 
poda  is  usually  the  largest,  and  usually  possesses  a  prominent 
curved  beak.  The  beak  is  sometimes  perforated  by  a  "fora- 
men," or  terminal  aperture,  through  which  there  is  transmitted 
a  muscular  peduncle,  whereby  the  shell  is 
attached  to  some  foreign  object.  In  some 
cases,  however  {as  in  Lingula,  fig.  104),  the 
peduncle  simply  passes  between  the  apices  of 
the  valves,  and  there  is  no  foramen ;  whilst  in 
others  (as  in  Crania)  the  shell  is  merely  at- 
tached by  the  substance  of  the  ventral  valve. 
The  dorsal  or  smaller  valve  is  always  free,  and 
is  never  perforated  by  a  foramen. 

In  intimate  structure,  the  shell  of  most  of 
the  Brachiopoda  consists  "  of  flattened  prisms, 
of  considerable  length,  arranged  parallel  to 
one  another  with  great  regularity,  and  at  a 
very  acute  angle — usually  only  about  10°  or 
1 2°— with  the  surfaces  of  the  "ihell  " — (Carpen 
ter )  In  most  cases  also  the  shell  is  perfor 
ated  bj  a  senes  of  ni  nute  canals  which  pis 
from  one  surface  of  the  shell  to  the  other  11 
a  more  or  less  vertical  direction  usually  wide  1 
mg  as  they  approach  the  external  surface 
These  canals  give  the  shell  a  punctated 
structure  and  in  the  living  animal  they  con 
tain  cEecal  tubuli  or  prolongations  from  the 
mantle  which  are  considered  b)  Hu\ley  as  ^%  ~\  " 
analogous  to  the  vascular  processes  b>  wh  ch  be  nu  pcd 
in  many  Ascidians    the    muscular   tunc    or      iheu* ^a^aditd*" 

mantle     is  attached  to  the  outer  tun  c    or 

test"  In  some  of  the^r«  A/('j!W/i(a5.  n  Hn^  Rhynchonelhda) 
the  shell  is  imfuictate  or  is  dcioid  of  th  s  singular  canal 
systera 

The  inner  surface  of  the  valves  of  the  shell  is  lined  by  ex- 
pansions of  the  integument  which  secrete  the  shell,  and  are 
called  the  "lobes  "of  the  "pallium,"  or  "mantle."  The  diges- 
tive oi^ans  and  muscles  occupy  a  smaU  space  near  the  beak 
of  the  shell,  which  is  partitioned  off  by  a  membranous  septum, 
which  is  perforated  by  the  aperture  of  the  mouth.  The  re- 
mainder of  the  cavity  of  the  shell  is  .almost  filled  by  two  long 
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oral  processes,  which  are  termed  the  "  arms,"  and  from  which 
the  name  of  the  class  has  been  derived  (fig,  105,  i).  These 
organs  are  lateral  prolongations  of  the  margins  of  the  month, 
usually  of  great  length,  closely  coiled  tip,  and  fringed  on  one 
side  with  lateral  processes,  or  "  cirri."  In  many  Brachiopods 
the  arms  are  supported  upon  a  more  or  less  complicated  inter- 
nal calcareous  framework  or  skeleton,  which  is  sometimes  called 
the  "  carriage- spring  apparatus." 


The  mouth  conducts  by  an  cesophagus  into  a  distinct 
stomach,  surrounded  by  a  well-developed  granular  liven  The 
intestine  bas  a  "  a  neural  flexure,"  and  "  either  ends  blindly  in 
the  middle  line,  or  else  terminates  in  a  distinct  anus  between 
the  pallial  lobes." — (Huxley.) 

Within  the  pallial  lobes  there  is  a,  remarkable  system  of 
more  or  less  branched  tubes,  anastomosing  with  one  another, 
and  ending  in  cascal  extremities.  This,  which  has  been  termed 
by  Huxley  the  "atrial  system,"  communicates  with  the  peri- 
visceral cavity  by  means  of  two  or  four  organs  which  are  called 
"  pseudo-hearts,"  and  which  were  at  one  time  supi;osed  to  be 
true  hearts.  "Each  pseudo-heart  is  divided  inlio  a  narrow, 
elongated,  external  portion  (the  so-called  'ventricle'),  which 
communicates,  as  Dr  Hancock  has  proved,  by  a  small  apical 
aperture,  with  the  pallial  cavity ;  and  a  broad,  funnel-shaped, 
inner  division  (the  so-called  'auricle')  communicating,  on  the 
one  hand,  by  a  constricted  neck,  with  the  so-called  '  ventricle;' 
and,  on  the  other,  by  a  wide,  patent  mouth,  with  a  chamber 
which  occupies  most  of  the  cavity  of  the  body  proper,  and 
sends  more  or  less  branched  diverticula  into  the  pallial  lobes," 
^(Kuxley.)  This  system  of  the  atrial  canals  has  been  looked 
upon  as  a  nidimentaiy  respiratory  apparatus  ;  but  its  function 
is  more  probably  to  act  as  an  excretory  organ,  and  also  to 
convey  away  the  reproductive  elements,  the  organs  for  which 
are  developed  in  various  parts  of  its  walls.      By  Woodward 
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the  pseudo-hearts  are  regarded  as  oviducts,  and  it  is  stated 
that  they  have  been  found  to  contain  mature  ova,  so  that 
there  can  be  little  doubt  but  that  this  view  of  their  nature  is 
the  correct  one.  By  Rolleston  the  pseudo-hearts  are  looked 
upon  as  corresponding  with  the  so-called  "  oi^an  of  Bojanus  " 
of  the  Lamellibraiickiata. 

The  function  of  respiration  is  probably  performed,  mainly, 
if  not  entirely,  by  the  cimferous  oral  arms,  as  it  appears  chiefly 
to  be  by  the  homologous  tentacular  croKTi  of  the  Polyzoa.  A 
true  vascular  system  and  a  distinct  heart  are  present  in  some, 
at  any  rate,  of  the  Brdchiopoda,  but  this  subject  is  still  involved 
in  considerable  obscurity.  In  Terebratula  the  heart  is  in  the 
form  of  a  unilocular,  pyrjform  vesicle,  placed  bn  the  dorsal 
surface  of  the  stomach. 

The  nervous  system  consists  of  a  principal  ganglion  of  no 
great  size,  placed  in  the  re-entering  angle  between  the  gullet 
and  the  rectum.  In  those  Brachiopods  in  which  the  valves  of 
the  shell  are  united  by  a  hinge,  the  nervous  system  attains  a 
greater  development,  and  consists  of  a  gangliated  oesophageal 

The  sexes  are  said  to  be  ordinarily  distinct,  but  in  some 
cases  they  appear  to  be  united  in  the  same  individual.  Tho 
development  of  the  Brai:hiopoda  is  still  shrouded  in  consider- 
able obscurity,  but  in  some  cases  the  young  have  been  ob- 
served to  move  frenf  place  to  place,  either  by  protruding  their 
ciliated  arms,  or  by  means  of  spines  developed  in  the  ventral 
lobe  of  the  mantle. 

The  Brachiopoda  may  be  divided  into  two  groups,  called 
respectively  the  Ariiculata  and  Jnartkulata.  In  the  former 
tlie  valves  of  the  shell  are  united  along  a  hinge-Hue,  the  lobes 
of  the  mantle  are  not  completely  free,  and  the  intestine  ends 
cEecally.  In  this  group  are  the  recent  Terebratulida  and  Rhyn- 
ckonellida.  In  the  Inartkulata  the  valves  of  fhe  shell  are  not 
united  along  a  hinge-line,  the  mantle-lobes  are  completely  free, 
and  the  intestine  terminates  in  a  distinct  anus.  In  this  group 
are  the  Crantadce,  Discimda,  and  LingulidtE. 

Affinities  of  the  Brachiopoda.— There  can  be  no  ques- 
tion as  to  the  close  relationships  subsisting  between  the  Brachio- 
poda and  Polyzoa,  and  until  recently  most  naturalists  held  that 
both  these  groups  had  strongly-marked  affinities  with  the  La- 
mellibranchiata.  This  view  is  still  held  by  the  generality  of 
naturalists ;  but  recently  Mr  Edward  Morse  has  brought  forward 
evidence  to  show  that  the  Brachiopoda  and  Polyzoa  are  most 
nearly  related  to  the  Tubicolar  Annelides ;  and  this  opinion 
]iad  been  previously  advanced  as  regards  the  latter  group  by 
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Leuckhart.  Amongst  the  more  striking  facts  adduced  in  sup- 
port of  this  view  may  be  mentioned  tlie  assertion  that  the  long 
and  worm-like  peduncle  of  Zingu/a  pyramidata  is  normally 
encased  in  a  sand-tube  resembling  that  of  a  Tubicolous  Anne- 
lide.  The  peduncle  of  this  form  is  also  contractile  and  hollow, 
admitting  the  blood  into  its  interior,  and  the  blood  is  stated  lo 
be  red.  In  the  meanwhile,  however,  the  affinities  between  the 
Brachiopoda  and  Polyzoa,  on  the  one  hand,  and  the  Tunkata 
on  the  other,  are  too  strong  to  allow  of  our  unhesitating  accept- 
ance of  this  sweeping  change. 

Classification  of  the  Brachioi'Oda  (after  Davidson). 
Class  Brachiopoda. 

Fam.  I.    Tsrebraluliiia. 

Shell  minutely  punclale  ;  ventral  valve  with  a  prominent  beak  per- 
forated by  a  foramen  for  Ihe  emission  of  a  muscular  peduncle,  whereby 
tlie  animal  is  fixed  to  some  solid  object.  Foramen  partially  surrounded 
by  a  dellidinm  of  one  or  two  pieces.  Oral  appendices  entirely  or 
partially  supported  by  calcified  processes,  usually  in  the  form  of  a  loop, 
and  always  fixed  to  Uie  dorsal  valve. 

Genera.— Terebraiula  (with  TerebratuUiia,  and  Wald/ieimia),  Tare- 
bralellB,  Slringacepkalus,  Si-'c. 
Fam.  II.   Tkeddids. 

Shell  fixed  to  the  sea-bottom  by  the  beak  of  the  larger  or  ventral 
valve;  stnictore  punctated.  Oral  processes  united  in  the  form  of  a 
bridge  over  Ihe  visceral  cavfty ;  cirrated  aims  folded  upon  themselves, 
and  supported  by  a  calcareous  loop. 

Gams. — TTieeidium. 
Fam.  IIL  Sfiriferida. 

Animal  ifree,  or  rarely  attached  by  a  muscular  peduncle.  Shell 
pnnclaied  Or  unpunclated.  Arms  largely  developed,  and  entirely 
supported  by  a  thin,  shelly,  spirally  rolled  lamella. 

Genera.— Spirifir,  Spiriferina,  Cyrlia,  Athyris,  ^'c. 
Faiii.  IV.  IConinckida. 

.  Animal  nnknown.  Shell  free;  valves unarliculated  (?|.  Oral  arms 
supported  by  two  lamellre,  spirally  coiled. 

Genus.  — JCeitinckia. 
Fam.  V.  Rhynchcnellidie. 

Animal  free,  or  attached  by  a  muscular  peduncle  issuing  from  an 
aperture  sitnaled  under  the  extremity  of  the  beak  of  the  ventral  valve. 
Arms  spirally  rolled,  flexible,  and  supported  only  at  their  origin  l>y  a 
jjair  of  short,  curved,  shelly  processes.  Shcll.stracture  fibrous  and 
im  pun  dale. 

Genera.— RhynehaneUa,  PenUimerus,  Peramhonitcs,  i&'f 
Fam.  VI.   Slrophoiiienixiie. 

Animal  unknown  ;  some  probably  free,  othets  attached,  during  the 
whole  or  a  portion  of  their  existence,  by  a  muscuhir  peduncle.  No 
calcified  supports  for  the  arms.  .Shell  with  a  siraiglit  hinge-ljne,  and 
n  iow  triangular  area  in  each  valve.  Shell-structure  fibrous  and 
punctated. 

Gaiera.-^-Orthis,  Orlhh'ma,  Stnphomena,  and  Leplanin. 
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Fam.  VII.  Pr(Hiu(tid^. 

Animal  unknown.  Shell  entirely  free,  or  attached  to  marine  boltoma 
by  the  substance  of  tlie  beak ;  valves  either  regularly  articulated,  or 
kept  in  place  by  muscular  action.  No  calcified  support  for  the  oral 
appendages. 

Gaura. — Frodtuta,  CAoneies,  StrophahsUi,  Aulosteges. 
Fam.  VIII.   Cratiiadts. 

Animal  fijted  to  submarine  objects  by  the  substance  of  the  shell  of 
the  ventral  valve.  Arms  fleshy  and  spirally  colled ;  no  hinge  or 
articulating  processes;  upper  or  dorsal  valve  patelliform  {i.e.  limiiet- 
sht^d). 

Genus. — Crania. 
Fam.  IX.  Discinida. 

Animsi  attached  by  means  of  a  muscular  peduncle  passing  through 
the  ventral  or  lower  vaive  by  means  of  a  slit  in  its  hinder  portion,  or 
a  drcular  foramen  excavated  in  its  substance.  Anns  fleshy,  valves 
unarticulated. 

Genera. — Diia'na,  Tremafis,  Sipkonotreta,  Acrotreta. 
Fam.  X.  Lingulidis.' 

Animal  fixed  by  a  muscular  peduncle  passing  out  between  the  beaks 
of  the  valves  i  arms  fleshy,  unsupported  by  calcified  processes.  Shell 
unarticulated,  snb-equivalve,  texture  homy. 

Genera.— Ungiila,  Obotus. 


CHAPTER   XLV. 

DISTRIBUTION  OF  MOLLUSCOIDA. 

DibTRiBTiTiON  OF  Molluscoida  in  Space. — The  1 
ail  the  Molluscoida,  are  exclusively  aquatic  in  their  habits,  but, 
unlike  the  remaining  two  classes,  they  are  not  exdusively  con- 
fined to  the  sea.  The  marine  Polyzoa  are  of  almost  universal 
occurrence  in  all  seas.  The  fresh-water  Polyzoa,  however,  not 
only  difier  materially  from  their  marine  brethren  in  structure, 
but  appear  to  have  a  much  more  limited  range,  being,  as  far  as 
is  yet  known,  confined  to  the  nortb  temperate  zone.  Britain 
can  claim  the  great  majority  of  the  described  species  of  fresh- 
water Polyzoa,  but  this  is  probably  due  to  the  more  careful 
scrutiny  to  which  this  country  has  been  subjected. 

The  Tunkaia  are  cosmopolitan  in  their  distribution,  and  are 
foitnd  in  all  seas,  the  Mediterranean  appearing  to  be  especially 
rich  in  members  of  this  class.  Four  genera  are  pelagic  in  their 
habits,  and  several  are  found  in  the  Arctic  regions. 

*  Another  ^mily  was  formerly  constituted  for  the  reception  of  the  sin- 
gnlar  Devoniin  fossils  known  as  Calceols.  It  has  been  shown,  however, 
thai  these  are  probably  operculate  Corals. 
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The  Brackiopoda,  though  of  very  partial  occurrence,  have  a 
wide  range  in  space,  being  found  both  in  tropical  seas  and  in 
the  Arctic  Ocean.  Their  bathy metrical  range  is  also  very  wide, 
extending  from  the  littoral  zone  almost  to  the  greatest  depths 
at  which  animal  life  has  hitherto  been  detected. 

Distribution  of  Molluscoida  in  Time. — The  Polyzoa 
have  left  abundant  traces  of  their  past  existence  in  the  stratified 
series,  commencing  in  the  Lower  Silurian  Rocks  and  extending 
up  to  the  present  day.  The  Oldhamta  of  the  Cambrian  Rocks 
of  Ireland,  and  the  GrapiolUss,  have  been  supposed  to  belong 
to  the  Polyzoa;  but  the  former  is  very  possibly  a  plant,  and  the 
latter  should  be  referred  to  the  Hydrosoa.  Of  undoubted  Poly- 
zoa, the  marine  orders  of  the  Cheilosiomata  and  Cydosfontata 
are  alone  known  with  certainty  to  be  represented.  Several 
Palteozoic  genera — such  as  Fenestdla  {the  Lace-coral),  Ptilo- 
dictya,  Ptilopora,  &c— are  exclusively  confined  to  this  epoch, 
and  do  not  extend  into  the  Secondary  Rocks.  Amongst  the 
Mesozoic  formations,  the  Chalk  is  especially  rich  in  Polyzoa, 
over  two  hundred  species  having  been  already  described  from 
this  horizon  alone.  In  the  Tertiary  period,  the  Coralline  Crag 
(Pleiocene)  is  equally  conspicuous  for  the  great  number  of  the 
members  of  this  class. 

The  Tunimta,  from  the  nature  of  their  bodies,  are  not  known 
to  occur  in  a  fossil  condition. 

The  Brackiopoda  are  found  from  the  Cambrian  Rocks  up  to 
the  present  day,  and  present  us  with  an  example  of  a  group 
which  appear.?  to  be  slowly  dying  out.  Nearly  two  thousand 
extinct  species  have  been  described,  and  the  class  appears  to 
have  attained  its  maximum  in  the  Silurian  epoch,  which  is, 
for  this  reason,  sometimes  called  the  "Age  of  Brachiopods." 
Numerous  genera  and  species  are  found  also  in  both  the 
Devonian  and  Carboniferous  formations.  In  the  Secondary 
Rocks  Brachiopoda  are  still  abundant,  though  less  so  than  in 
the  Paleozoic  period.  In  the  Tertiary  epoch  a  still  further 
diminution  takes  place,  and  at  the  present  day  we  are  not 
acquainted  with  a  hundred  living  forms.  Of  the  families  of 
Brachiopoda,  the  Prodiictidts,  Sirophomenid^,  and  Spiriferidx 
are  the  more  important  extinct  types.  Of  the  genera,  the  most 
persistent  is  the  genus  Lingula,  which  commences  in  the  Cam- 
brian Rocks,  and  has  maintained  its  place  up  to  the  present 
day,  though  it  appears  to  be  gradually  dying  out. 

According  to  Woodward; — "The  hingeless  genera  attained 
their  maximum  in  the  Palfeozoic  age,  and  only  three  now  sur- 
vive (Lingula,  Dtsdna,  Crania) — the  representatives  of  as  many 
distinct  families.     Of  the  genera  with  articulated  valves,  those 
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provided  with  spiral  arms  appeared  first,  and  attained  tlieir 
maximum  while  the  TerebratuHda  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchenella  still  exists. 
Lastly,  the  typical  group,  TerebratuUdce,  attained  its  maximum 
in  the  Clialk  period,  and  is  scarcely  yet  on  the  decline." 
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CHAPTER  XLVI. 

LAMELLIBRANCHIA  TA. 

Division  II.  Mollusca  Proper.^ — This  division  includes  those 
members  of  the  sub-kingdom  Mollusca  in  which  the  nervous 
system  consists  of  three  principal  pairs  of  ganglia ;  and  there  is 
always  a  well-developed  heart,  which  is  ftever  composed  of  fewer 
than  two  chambers. 

The  Mollusca  proper  may  be  roughly  divided  into  two  great 
sections,  respectively  termed  the  Acephala  and  the  Encephala 
(or  Cephalophora),  characterised  by  the  absence  or  presence  of 
a  distinctly  differentiated  head.  The  headless^  or  Acephalous, 
Molluscs  correspond  to  the  c\a.s^  Lamelltbranchiala ;  also  dis- 
tinguished, at  first  sight,  by  the  possession  of  a  bivalve  shell. 
The  Encephalous  Molluscs  are  more  highly  organised,  and  ate 
divided  into  three  classes — viz.,  the  Gasteropoda,  the  Pteropoda, 
and  the  Cep/ialopoda.  The  shell  in  these  three  classes  is  of 
very  various  nature,  but  they  all  possess  a  singular  and  com- 
plicated series  of  lingual  teeth ;  hence  they  are  grouped  to- 
gether by  Professor  Huxley  under  the  name  of  Odontophora. 

Class  I.  Lam  ELL  I  BEAN  CHI  ATA,  or  Conchifera.  —  The 
members  of  this  class  are  characterised  by  the  absence  of  a 
distinctly  differentiated  head,  and  by  having  the  body  more  or 
less  completely  protected  in  a  bivalve  shell.  There  are  two 
lamellar  gills  on  each  side  of  the  body,  the  intestine  has  a 
neural  flexure,  and  there  is  no  odontophore. 

The  Lamellibranchiata  are  commonly  known  as  the  bivalve 
sheli-fish,  such  as  Mussels,  Cockles,  Oysters,  Scallops,  &c., 
and  they  are  all  either  marine  or  inhabitants  of  fresh  water. 

Though  they  agree  with  the  Brachiopoda  in  possessing  a 
shell  which  is  composed  of  two  pieces  or  valves,  there  are, 
nevertheless,  many  points  in  which  the  shell  of  a  Lamelli- 
branch  is  distinguishable  from  that  of  a  Brachiopod,  irrespec- 
tive of  the  great  difference  in  the  structure  of  the  animi  in 
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each.  The  shell  in  the  Brachiopoda,  as  wc  have  seen,  is  rarely 
or  never  quite  equivalve,  and  always  has  its  two  sides  equally 
developed  (equilateral);  whilst  the  valves  are  placed  antero- 
posteriorly  as  regards  the  animal,  one  in  front  and  one  behind, 
so  that  they  are  "  dorsal "  and  "  ventral,"  In  the  LameUibran- 
vhiata,  on  the  other  hand,  the  two  valves  are  usuaOy  of  nearly 
equal  size  (equivalve),  and  are  more  developed  on  one  side 
tlian  on  the  other  (inequilateral) ;  whilst  their  position  as  re- 
gards the  animal  is  always  lateral,  so  that  they  are  properly 
termed  "right"  and  "left"  valves,  instead  of  "ventral"  and 

The  following  are  the  chief  points  to  be  noticed  in  connec- 
tion with  the  shell  of  any  Lamellib ranch :  Each  valve  of  the 
shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex  of 
which  is  turned  more  or  less  to  one  side ;  so  that  more  of  tliij 
shell  is  situated  on  one  side  of  the  apex  than  on  the  other. 
The  apex  of  the  valve  is  called  the  "  umbo,"  or  "  beak,"  and 
is  always  turned  towards  the  mouth  of  the  animal.  Conse- 
quently, the  side  of  the  shell  towards  which  the  umbones  are 
turned  is  the  "anterior"  side,  and  it  is  usually  the  shortest  half 
of  the  shell.  The  longer  half  of  the  shell,  from  which  the 
umbones  turn  away,  is  called  the  "posterior"  side,  but  in  some 
cases  this  is  equal  to,  or  even  shorter  than,  the  anterior  side. 
The  side  of  the  shell  where  the  beaks  are  situated,  and  where 
the  valves  are  united  to  one  another,  is  called  the  "  dorsal " 
side ;  and  the  opposite  mai^n,  along  which  the  shell  opens,  is 
called  the  "  ventral "  side,  or  "  base."  The  length  of  the  shell 
is  measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another, 
for  fc  shorter  or  longer  distance,  along  a  line  which  is  called 
the  "hinge-line."  The  union  is  effected  in  most  shells  by 
means  of  a  series  of  parts  which  interlock  with  one  another 
(the  "  teeth  "),  but  these  are  sometimes  absent,  when  the  shell 
is  said  to  be  "  edentulous."  Posterior  to  the  umbones,  in  most 
bivalves,  is  another  structure  passing  between  the  valves,  which 
is  called  the  "  ligament,"  and  which  is  usually  composed  of  two 
parts,  either  distinct  or  combined  with  one  another.  These 
two  parts  are  known  as  the  "  external  ligament"  (or  the  liga- 
ment proper)  and  the  "cartilage,"  and  they  constitute  the 
agency  whereby  the  shell  is  opened,  but  one  or  other  of  them 
may  be  absent.  The  ligament  proper  is  outside  the  shell,  and 
consists  of  a  band  of  horny  fibres,  passing  from  one  valve  to 
the  other  just  behind  the  beaks,  in  such  a  manner  that  it  is  put 
upon  the  stretch  when  the  shell  is  closed.     The  cartilage,  or 
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internal  ligament,  is  lodged  between  the  hinge-lines  of  the  two 
valves,  generally  in  one  or  more  "pits,"  or  in  special  processes 
of  the  shell  It  consists  of 
elastic  fibres  placed  perpen- 
dicularly between  the  surfaces 
by  which  it  is  contained,  so 
that  they  are  necessarily  short- 
ened and  compressed  when 
the  valves  are  shut  To  open 
the  shell,  therefore,  it  is  simply 
necessary  for  the  animal  to 
relax  the  muscles  which  are 
provided  for  the  closure  of  the 
valves,  whereupon  the  elastic 
force  of  the  ligament  and  car- 
tilage is  sufficient  of  itself  to 
open  the  shell. 

The  body  in  the  Lamelli- 
hranchiata  is  always  enclosed 
in  an  expansion  of  Uie  dorsal 
I  integument,  which  constitutes 
the  "mantle,"  or  "pallium," 
whereby  the  shell  is  secreted. 
The  lobes  of  the  mantle  are 
right  and  left,  and  not  anterior 
and  posterior  as  are  the  mantle- 
lobes  of  the  Brachiopoda.  To- 
wards  its  circumference  the 
mantle  is  more  or  less  com- 
]  Jetely  united  to  the  shell, 
leaving  in  its  mtenor,  when 
the  "ioft  parts  are  removed,  a 
more  or  less  distinctlj  impres- 
sed line  which  is  called  the 
p^lli  line  or  impression" 
(fig   i°7). 

Th  re  is  no  d  tinctly  diffe- 
rentiated head  m  any  of  the 
Lameilibranchiata,  and  the 
lacies;  D  mouth  is  simply  placed  at  the 
lundcd  by  anterior  extremity  of  the  body. 
!«i^ru"'  It  is  furnished  with  membran- 
ous processes  or  "palpi"  (usu- 
ally four  in  number),  but  there  is  no  dental  apparatus.  The 
mouth   opens   into   a  gullet,  which   conducts   to   a   distinct 


(Mjia   arenan  )       Th     1  _f        1       ai 
movsL     f  s  Reipiraroiy  viphona,   tl 
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stomacli.  On  the  right  side  of  the  stomach,  and  opening  into 
it,  is,  in  many  cases,  a  blind  sac  containing  a  peculiar  trans- 
parent glassy  body,  which  is  known  as  the  "  crystalline  stylet," 
but  the  functions  of  which  are  absolutely  unknown.  The 
intestine  has  its  first  flexure  neural,  perforates  the  wall  of  the 
heart,  and  terminates  posteriorly  in  a  distinct  anus,  which  is 
always  placed  near  the  respiratory  aperture.  The  liver  is  large 
and  well  developed,  but  there  are  no  salivary  glands. 

There  is  always  a  distinct  heart,  composed  either  of  an 
auricle  and  ventricle,  or  of  two  auricles  and  a  ventricle.  The 
ventricle  propels  the  blood  into  the  arteries,  by  which  it  is  dis- 
tributed through  the  body.  From  the  arteries  it  passes  into 
the  veins,  and  is  conducted  to  the  gills,  where  it  is  aerated, 
and  is  finally  returned  to  the  auricles. 

The  respiratory  oi^ana  in  all  the  LamelUbranchiata  consist 
of  two  lamelliform  gills,  placed  on  each  side  of  the  body  (fig. 
106,  b).  In  some  cases  there  is  only  one  gill  on  each  side  of 
the  body,  the  external  pair  of  branchice  being  absent  The 
gills  are  in  the  form  of  membranous  plates,  composed  usually 
of  tubular  rods,  which  support  a  network  of  capillary  vessels, 
and  are  covered  with  vibrating  cilia,  whereby  a  circulation  of 
the  water  is  maintained  over  their  surfaces.  In  some  bivalves 
the  margins  of  the  mantle  are  united  to  one  anotlier,  so  that  a 
closed  branchial  chamber  is  produced;  and  in  the  others  the 
arrangements  for  the  admission  of  fresh  and  the  expulsion  of 
effete  water  are  equally  perfect,  though  there  is  no  such  cham- 
ber. In  those  in  which  the  mantle-lobes  are  united  at  their 
margins,  there  are  two  orifices,  one  of  which  serves  to  admit 
fresh  water,  whilst  the  effete  water  is  expelled  by  the  other. 
The  mai^ins  of  these  "inhalant"  and  "exhalant"  apertures 
are  often  drawn  out  and  extentJed  into  long  muscular  tubes 
or  "siphons,"  which  may  be  either  free,  or  may  be  united  to 
one  another  along  one  side  (fig.  106,  ss),  and  which  can  usually 
be  partially  or  entirely  retracted  within  the  shell  by  means  of 
special  muscles,  called  the  "  retractor-muscles  of  the  siphons." 
These  siphons  are  more  especially  characteristic  of  those  La- 
mellibranchs  which  spend  their  existence  buried  in  the  sand, 
protruding  their  respiratory  tubes  in  order  to  obtain  water,  and 
with  it  such  nutrient  particles  as  the  water  may  contain.  The 
presence  or  absence  of  retractile  siphons  can  be  readily  deter- 
mined merely  by  inspection  of  the  dead  shell.  In  those 
bivalves  in  which  siphons  are  not  present,  or  if  present  are  not 
retractile,  the  "  pallial  line  "  in  the  interior  of  the  shell  is  un- 
broken in  its  curvature,  and  presents  no  indentation  {Itilegro- 
palilalia).     In  those,  on  the  other  hand,  in  which  retractile 
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siphons  exist,  the  pallial  line  does  not  run  in  an  unbroken 
curve,  but  is  deflected  inwards  posteriorly,  so  as  to  form  an 
indentation  or  bay,  which  is  termed  the  "pallial  sinus,"  or 
"  siphonal  impression,"  and  is  caused  by  the  insertion  of  the 
retractor-mascle  of  the  siphon.  Those  bivalves  in  which  this 
sinus  exists  form  the  section  Sinu-pa/lialia  (fig.  107,  2). 


The  nervous  system  of  the  Lamellibranchiata  is  composed  of 
the  three  normal  ganglia — the  cephalic,  the  pedal,  and  the 
parietor splanchnic  or  branchial.  The  so-called  "organ  of 
Bojanus "  of  the  bivalves  is  doubtless  mainly  concerned  in 
excretion,  and  in  all  probability  represents  the  kidney.  There 
is  one  of  these  organs  on  each  side  of  the  body,  each  com- 
posed of  two  sacs  separated  from  those  of  the  opposite  side 
by  a  venous  sinus.  Or  it  may  be  looked  upon  as  a  double 
organ  composed  of  two  bilaterally  symmetrical  halves.  It  is 
situated  just  below  the  "  pericardium,"  and  communicates  with 
it  and  also  with  the  mantle-cavity.  Though  undoubtedly  per- 
fonning  the  functions  of  a  kidney,  the  organ  of  Bojanus  is  also 
connected  in  some  cases  with  reproduction,  and  it  appears  to 
correspond  to  the  "  pseudo-hearts"  of  the  Brachiopoda. 

The  majority  of  the  bivalves  are  dioecious,  but  in  some  the 
sexes  are  united  in  the  same  individual.  The  young  are 
hatched  before  they  leave  the  parent,  and  are,  when  first  libe- 
rated, ciliated  and  free-swimming. 

The  muscular  system  of  the  Lamellibranchs  is  well  deve- 
loped. Besides  the  muscular  margin  of  the  mantle,  and  the 
muscle.s  of  the  siphons  (when  these  exist),  there  are  also  pre- 
sent other  muscles,  of  which  the  most  important  are  the  mus- 
cles which  close  the  shell  and  those  which  form  the  "foot" 
(fig.  106, y).  The  "foot"  is  present  in  the  majority  of  bivalves, 
thoi^h  it  is  not  such  a  striking  feature  as  in  the  Gasteropoda. 
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It  IS  essentuUy  a  muscular  organ,  developed  upon  the  ventral 
8urfi(,e  of  the  body  its  retractor-muscles  usually  leaving  dis- 
tinct unpressions  or  sc^^s  (the  "pedal  impressions")  in  the 
intL  lor  of  the  shell  In  many  the  foot  subserves  locomotion, 
but  m  the  attached  bivalves  it  is  rudimentary,  and  iij  others  (as 
m  the  Scallops)  locomotion  is  effected  by  the  alternate  opening 
and  (.losure  of  the  \ahLS  In  some — such  as  the  ordinary 
Musse! — the  foot  is  subsidiary  to  a  special  gland,  which  secretes 
the  tuft  ot  silky  threads  {  '  byssus"_)  whereby  the  shell  is  at- 
tached to  foreign  objects.  This  gland  secretes  a  viscous 
material,  which  the  foot  moulds  into  threads. 

The  valves  of  the  shell  are  brought  together  by  one  or  two 
muscles,  which  are  called  the  "adductor  muscles" — those 
bivalves  with  only  one  being  called  Monomyaria,  whilst  those 
which  possess  two  are  termed  Dimyaria.  In  most  there  are 
two  adductor  muscles  (fig.  106,  a  a')  passing  between  the  inner 
surfaces  of  the  lalves,  one  bcmg  placed  anteriorly  in  front  of 
the  mouth,  the  other  posteriori)  on  the  neural  side  of  the  in- 
testine. In  the  monomyarj  bivalves  the  posterior  adductor 
is  the  one  which  remains,  and  the  anterior  adductor  is  absent. 
The  adductors  leave  distinct  "muscular  impressions"  in  the 
interior  of  the  shell,  so  that  it  is  easy  to  determine  whether 
there  has  been  one  only  m  anj  given  specimen,  or  whether 
two  were  present 

The  habits  of  the  LameUihranJnata  are  very  various.  Some, 
such  as  the  Oyster  (Oc/na),  and  the  Scallop  (/"^rf^),  habitually 
lie  on  one  side,  the  lower  \alve  being  the  deepest,  and  the 
foot  being  wanting,  or  rudimentary.  Otliers,  such  as  the  Mussel 
{Mytilui)  and  the  Pinna,  are  attached  to  some  foreign  object 
by  an  apparatus  of  threads,  which  is  called  the  "  byssus,"  and 
is  secreted  by  a  special  gland.  Others  are  fixed  to  some  solid 
body  by  the  substance  of  one  of  the  valves.  Many,  such  as 
the  Myas,  spend  their  existence  sunk  in  the  sand  of  the  sea- 
shore or  in  the  mud  of  estuaries.  Others,  as  the  Pholades  and 
Zithodomi,  bore  holes  in  rock  or  wood,  in  which  they  live. 
Finally,  many  are  permanently  free  and  locomotive. 

The  Latnellibranchiata  are  divided  into  two  sections,  accord- 
ing as  respiratoiy  siphons  are  absent  or  present,  as  follows  : — 

Section  A.  Asiphonida.  —  Animal  without  respiratory 
siphons ;  mantle-lobes  free ;  the  pallial  line  simple  and  not 
indented  (Integro-palUalia). 

This  section  comprises  the  families  Ostreidce,  Aviculida,  My- 
tilidis,  Arcada,  Trigotiiadm,  and  l/momdm. 

Sections.  Siphonida. — Animal  with  respiratory  siphons; 
mantle-lobes  more  or  less  united. 
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Two  subdivisions  are  comprised  in  this  secrion.  In  the 
first  the  siphons  are  short,  and  the  pallial  line  is  simple  {Integra- 
pallialia) ;  as  is  seen  in  the  families  Chamidts,  Hippurttida, 
TVidaenidm,  Cardtadis,  Lwinida,  Cycladida,  and  Cyprinida. 

The  second  subdivision  {Sinu-palliaiia)  is  distinguished  by 
the  possession  of  long  respiratory  siphons,  and  a  sinuated  palUal 
A'ai;,  and  it  comprises  the  families  Vemridm,  Madridm,  TelUnida, 
Solenidis,  Myacida,  Anatinida,  Gastrochisnida,  and  Fholadidm. 

Synopsis  of  the  Families  of  the  Lamellibeanchiata. 
Section  A,  Asiphohida. 

Fsm.  I.  Oiireii/^.— Shell  Inequivalve,  slightls"  ineqniiateml,  free  or 
attached  ;  hinge  usually  edentulous.  Ligament  internal.  Lobes 
of  the  mantle  entirely  separated ;  Ihe  foot  small  and  byssiferous, 
or  wanting.  A  angle  adductor.  111.  Gen.  Ostrat,  Paten, 
Spondylfts,  &^. 

Fam.  3.  Aviculids. — Shell  ineqnivalve,  very  oblique,  attached  by 
abyssuEj  hinge  nearly,  or  quite,  edentulous.  Mantle-lobes  free  ; 
anterior  adductor  Email,  leaving  its  impression  within  the  umbo  ; 
posterior  adductor  targe  and  sim-centra,l.  Foot  small.  111.  Gen. 
Avicula,  IniKerasias,  Pin?Ki. 

Fam,  3.  Mytilidie. — Shell  equivake,  umbones  anterior,  hinge  eden- 
tulous ;  anterior  muscular  impression  smalt,  posterior  large. 
Shell  attached  J>y  a  lyssus.  Mantle-lobes  united  between  the 
^phonal  apertures.  Foot  cylindrical,  grooved,  and  byssiferous. 
lij.  Gen.  MytSus,  Modicla,  Drassaia. 

Fam.  4.  Arcads. — Shell  equivalve  ;  hinge  long,  with  many  comb- 
like equal  teeth.  Muscular  impressions  nearly  equal.  Maude- 
lobes  separated  ;  foot  large,  bent,  and  deeply  grooved.  III.  Gen. 
Area,  Peclantulus,  Cucullaa. 

Fam.  S.  Trigeniada. — Shell  equivalve  trigonal ;  hinge-teeth  few, 
diverging ;  umbonea  directed  posteriorly.  Mantle  open  ;  foot 
long  and  bent.     111.  Gen.  Trigimia,  Axinus. 

Fam.  6.  Uiiiojiiitts. — Shell  usually  eqnlvalve,  with  a  laige  external 
ligament.  Anterior  hinge-teeth  thick  and  striated  ;  posterior 
laminar,  or  wanting.  Miuitle-lobes  united  between  the  siphonal 
apertures.  Foot  very  large,  compressed,  bys^ferous  in  the  fry, 
III.  Gen.  Uiiio,  Aaedat!,  MuUerta. 

Section  B.  SiPHONroA. 

SiiMeiisiati  I.  Integro-pallhlia. — Siplions  short,  pallial  line  simple. 

Fam.  y.  C"i»ii(te.^ Shell  inequivalve,  attached;  hinge-teeth  2-1 
(two  in  one  valve  and  one  in  the  other).  Adductor  impressions 
large.  Mantle  closed;  pedal  and  Biphonil  orifices  small  and 
nearly  equal.     Foot  very  small.     IlL  Gen.  Chatua,  JJieeras. 

Fam.  8.  Jiippuritiii^. — "  Shell  ineqnivalve,  nnsymmetrical,  thick, 
attached  by  the  ri^ht  umbo;  umbones  frequently  cnmerated; 
structure  and  sculpluiing  of  valves  dissimilar ;  ligament  internal ; 
hinge-teeth  1-3 ;  adductor  impressions  3,  large,  those  of  the  leli 
valve  on  prominent  apophyses ;  pallial  linesimple,sub-mai^inal." 
— tWoodward.)     III.  Gen.  HlppurUes,  Kadialiles,  Capriiiella. 
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Fant.^.  Tridmnidie. — Shell  eqnivalve  ;  ligament  external;  muscular 
impressions  blended,  sub-central.  Animal  attached  h^  a  bjissus, 
or  free.  Mantle-lobes  extensively  miitedi  pedal  aperture  ktge  ; 
siphonal  orifices  surrounded  by  a  thickened  pallia!  border.  Foot 
finger-like  and  byssiferous.    Ill  Gen.  Tridacna. 

Fam.  10.  Cardiada. — Shell  equivalve,  heart-shaped,  with  radiating 
ribs  ;  cardincxl  teeth  2  ;  lateral  teeth  l-l,  in  each  valve.  Manlle 
open  in  front,  siphons  usually  very  short ;  foot  large,  sickle- 
shaped.      Ill  Gen.  Cardium,  Hunkardiiim,  Conocardmitt. 

Fam.  11.  Ludnids. — Shell  orHcular,  and  free;  hinge-leelh  I  or  2; 
lateral  teeth  i-i,  or  obsolete.  Mantle-iobes  open  below,  with 
one  or  two  siphonal  orifices  behitid  ;  foot  elongated,  cylindrical, 
or  strap-shaped.     IlL  Gen,  Lucina,  Diplodonta,  Kdlia. 

Fam.  12.  Cycladida, —^a'Si  sub-orbicular,  closed  ;  hinge  with 
cardinal  and  lateral  teeth ;  ligament  external.  Manlle  open  in 
front;  1-a  siphons,  more  or  less  united.  Foot  large,  (ongue- 
shaped.      III.  Gen.  Cyclas,  Cyrena. 

Fam.  13.  Cypinida. — Shell  equivalve,  dosed  ;  ligament  external; 
cardinal  teeth  1-3  in  each  valve,  and  usually  a  posterior  tooth. 
Mantle-lobes  united  behindby  a  curtain  pierced  with  two  siphonal 
orifices.  Foot  thick,  and  tongue-shaped.  111.  Gen.  CypHna, 
Ailarle,  Isocardia. 

1  large ;   paltial 

Font.  14.  Ventrida. — Shell  regular,  sub-orbicular  or  oblong  ;  liga- 
ment external ;  hinge  wilh  usually  3  diverging  teetii  in  eacli  valve. 
Animal  usually  free  and  locomotive;  mantle  with  a  rather  lai^e 
anterior  opening  ;  siphons  unequal,  more  or  less  united.  Foot 
tongue-shaped,  compressed,  sometimes  grooved  and  byssiferous. 
111.  Gen.  Vemw,  Cytherm,  Venerapis. 
Fam.  15.  Maclrida. — Shell  equivalve,  trigonal;  hinge  with  two 
diverging  cardinal  teeth,  and  usually  with  anterior  and  posterior 
lateral  teeth.  Mantle  more  or  Icsi  open  in  front ,  siphons  nnited, 
with  fringed  orifices ;  foot  compresSed.  Hi  Gen  Madr<t, 
Lutraria. 
Fam.  16.  Tdlinida. — Shell  free,  usually  equivil^e  and  closed; 
cardinal  teeth  2  at  most,  laterals  i-I,  sometimes  wantmg  Liga- 
ment on  the  shortest  side  of  the  shell,  sometimes  internal. 
Mantle  widely  open  in  front,  biphons  separate  long  and  slender; 
foot  tongue-shaped,  compressed      111   Gen.  Tdhaa,  Psammolna, 

Fam.  17.  .Sj(V«Hf«.— Shell  elongated,  gaping  at  both  ends;  ligament 
external ;  hinge-teeth  usnall)'  2-3.  Simons  short  and  united 
(in  the  long-shelled  genera),  or  longer  and  partly  separate  (in  the 
genera  with  shorter  shells).  Foot  very  large  and  powerful.  Gills 
prolonged  into  the  branchial  siplion.    111.  Gen.  Sel^i,  Cultelliis, 

Fitm.  18.  Myadda. — Shell  gaping  posteriorly.  Mantle  almost 
entirely  closed  ;  siphons  united,  partly  or  wholly  retractile.  Foot 
very  small.      111.  Gen.   Mya,  Panapiea,  Glydmeris. 

Fam.  ig,  Anatinidm. — Shell  often  inequivalve,  with  an  external 
ligament  Mantle-lobes  more  or  less  united  ;  aphons  long,  more 
or  less  united.  Foot  small.  111.  Gen.  Anatina,  Fkoladomya, 
Myochama. 
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Fam.  20.  Gastrockanid^. — Shell  equivalve,  gaping,  with  thin  eden* 
tulons  valves,  sometimes  cemented  to  acalcareous  tube.  Manlle- 
mai^lns  thick  in  front,  united,  with  a  small  pedal  aperture. 
Siphons  very  lon^  united.  Foot  finger-shaped.  111.  Gen.  Gas- 
rochimm,  Saxkava,  Aspeivillum. 

Fam.  ai.  FAoladidie. — Shell  gaping  at  both  ends,  without  hinge  or 
ligament,  often  with  accessory  valves.  Animal  club-shaped  or 
worm-like,  with  a  short  truncated  foot  Mantle  closed  in  front. 
Siphons  long,  united  to  near  their  extremities.  III.  Gen.  Fkolas, 
Xylojihaga^  TlTt^iiif- 


CHAPTER    XLVII. 
GASTEROPODA. 


Division  Encephala,  or  Cephalophora.  —  The  remaimng 
three  classes  of  the  MoUusca  proper  all  possess  a  distinctly 
differentiated  head,  and  are  all  provided  with  a  peculiar  masti- 
catory apparatus,  which  is  known  as  the  "  odontophore."  I'or 
the  first  of  these  reasons  they  are  often  grouped  together  under 
the  name  Emepkala;  and  for  the  second  reason  they  are 
united  by  Huxley  into  a  single  great  division,  under  the  name 
of  Odontophora.  Whichever  name  be  adopted,  the  three  classes 
in  question  (viz.,  the  Gasteropoda,  Pteropoda,  and  Cephalopoda) 
certainly  show  many  points  of  affinity,  and  form  a  very  natural 
division  of  the  Mollusm.  The  Pteropoda,  as  being  the  Jowest 
class,  should  properly  be  treated  of  first,  but  it  will  conduce  to 
a  clearer  understanding  of  their  characters  if  the  Gasleropoda 
are  considered  first. 

Class  II.  Gasteropoda.— The  members  of  this  class  are 
characterised  by  being  never  included  in  a  bivalve  shell ;  loco- 
motion being  effected  by  means  of  a  broad,  horizontally  flat- 
tened, ventral  disc — the  "  foot ; "  or  by  a  vertically  flattened, 
ventral,  fin-like  organ.     Flexure  of  intestine  hiemal  or  neural. 

This  class  includes  all  those  Molluscous  animals  which  are 
commonly  known  as  "univalves,"  such  as  the  land-snails,  sea- 
snails,  whelks,  limpets,  &c.  The  shell,  however,  is  sometimes 
composed  of  several  pieces  (multivalve),  and  in  many  there  is 
either  no  shell  at  all,  or  nothing  that  would  be  generally  recog- 
nised as  such.     In  none  is  there  a  bivalve  shell. 

In  their  habits  the  Gasteropods  show  many  differences,  some 
being  sedentary,  but  the  great  majority  being  free  and  locomo- 
tive.    In  these  latter,  locomotion  may  be  effected  by  the  suc- 
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cessive  contractions  and  expansions  of  a  muscular  foot;  but 
some  possess  the  power  of  swimming  freely  by  means  of  a 
modified  fin -like  foot. 

In  most  of  the  Gasteropoda  the  body  is  unsymraetrical,  and  is 
coiled  up  spirally,  "  the  respiratory  organs  of  the  left  side  being 
usually  atrophied." — (Woodward.)  The  body  is  enclosed  in  a 
"  mantle,"  which  is  not  divided  into  two  lobes  as  in  the  Lamd- 
libranj:hiata,  but  is  continuous  round  the  body.  Locomotion 
is  effected  by  means  of  the  "  foot,"  which  is  usually  a  broad 
muscular  disc,  developed  upon  the  ventraJ  surface  of  the  body, 
and  not  exhibiting  any  distinct  division  into  parts.  In  the 
Heteropoda^  however,  and  in  the  Wlng-shells  {Strombiilce),  the 
foot  exhibits  a  division  into  three  portions — an  anterior,  the 
"  propodium ;"  a  middle,  the  "  mesopodium ;"  and  a  posterior 
lobe,  or  "  metapodium." 

In  some,  again,  the  upper  and  lateral  surfaces  of  the  foot 
are  expanded  into  muscular  side-lobes,  which  are  called  "  epi- 
podia."  In  many  cases  the  metapodium,  or  posterior  portion 
of  the  foot,  secretes  a  calcareous,  homy,  or  fibrous  plate, 
which  is  called  the  "operculum"  (fig.  109,17),  and  which  serves 
to  close  the  orifice  of  the  shell  when  the  animal  is  retracted 
within  it. 

1  most  of  the    Gasteropoda  is  very  distinctly 
o  tentacles  and  with  two 
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hinder  end  of  the  strap  is  lodged."— {Huxley.)  The  teeth  of 
the  odontophore  {"lingual  teeth")  are  composed  of  silica,  and 
are  usually  arranged  in  a  central  ("  rachidian  ")  and  two  lateral 
{"pleural")  rows.  The  mouth  leads  bya  gullet  into  a  distinct 
stomach,  which  is  sometimes  provided  with  calcareous  plates 
for  the  trituration  of  the  food.  The  intestine  is  long,  and  its 
first  flexure  is  commonly  "  hsemal,"  or  towards  that  side  of  the 
body  on  which  the  heart  is  situated ;  though  in  some  the  flexure 
is  "  neural."  Distinct  saUvary  glands  are  usually  present,  and 
the  liver  is  well  developed. 

A  distinct  heart  is  usually  present,  composed  of  an  auricle 
and  ventricle.  In  many  Gasteropods  it  has  been  shown  that 
the  blood-vessels  form  closed  tubes,  and  that  the  arteries  and 
veins  are  connected  by  an  intermediate  system  of  capillaries, 
instead  of  merely  communicating  through  the  interstices  and 
lacuQK  between  the  tissues.  It  seems  also  certain  that,  in 
general  at  any  rate,  there  is  no  direct  connection  between  the 
blood-vessels  and  the  outer  medium,  though,  in  some  cases, 
such  a  communication  seems  undoubtedly  to  exist  Respira- 
tion is  very  variously  eifected ;  one  great  division  {Branchio- 
gasteropoda)  being  constructed  to  breathe  air  by  means  of 
water;  whilst  in  another  section  [PulmogasUropodd)  the  respi- 
ration is  aerial.  In  the  former  division  respiration  may  be 
effected  in  three  ways.  Firstly,  there  may  be  no  specialised 
respiratory  organ,  the  blood  being  simply  exposed  to  the  water 


in  the  thin  walls  of  the  mantle-cavity  {as  in  some  of  the  Helcro- 
podd).  Secondly,  the  respiratory  organs  may  be  in  the  form  of 
outward  processes  of  the  integument,  exposed  in  tufts  on  the 
back  and  sides  of  the  animal  (as  in  the  Nudihranchiaid). 
Thirdly,  the  respiratory  organs  are  in  the  form  of  pectinated 
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or  plume-like  branchite,  contained  in  a  more  or  less  comislete 
branchial  chamber  formed  by  an  inflection  of  the  mantle.  In 
many  members  of  tiiis  last  section  the  water  obtains  access  to 
the  gills  by  means  of  a  tubular  prolongation  or  folding  of  the 
mantle,  forming  a  "  siphon,"  the  effete  water  being  expelled  by 
another  posterior  siphon  similarly  constructed.  In  the  air- 
breathing  Gasteropods,  the  breathing  organ  is  in  the  form  of 
a  pulmonary  chamber,  formed  by  an  inflection  of  the  mantle, 
and  having  a  distinct  aperture  for  the  admission  of  air. 

The  nervous  system  in  the  Gasteropoda  has  its  normal  com- 
position of  three  principal  pairs  of  ganglia,  the  supra-cesopha- 
geal  or  cerebral,  the  infra-tesophageal  or  pedal,  and  the  parieto- 
splanchnic ;  but  there  is  a  tend  h    a^<^  h 
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of  two  ciliated  lobes  arising  from  the  sides  of  the  head  ;  thus, 
in  many  respects,  resembling  the  permanent  adult  condition  of 
the  Pteropoda.  In  the  branchiate  Gasteropoda,  however,  of 
fi"esh  waters,  the  young  do  not  possess  these  ciliated  buccal 
lobes 

S/ieil  of  the  Gasteropoda. — The  shell  of  the  Gasteropods  is 
composed  either  of  a  single  piece  (univalve),  or  of  a  number 
of  plates  succeeding  one  another  from  before  backwards  (mul- 
tivaive)  The  imivahe  shell  is  to  be  regarded  as  essentially 
a  cone,  the  apex  of  which  is  more  or  less  oblique.  In  the 
simplest  form  of  the  shell  the  conical  shape  is  retained  without 
any  alteration,  as  is  seen  in  the  common  Lmipet  {Fatet/a) 
In  the  great  majority  of  cases,  however  the  cone  is  consider 
ably  elongated,  so  as  to  form  a  tube  which  may  retain  this 
shape  (as  in  Dentalium),  but  is  usually  coiled  up  into  a  spiral 
ITie  "spiral  univalve"  (fig.  no)  may,  m  tact  be  looked  upon 
as  the  typical  form  of  the  shell  in  the  Gaiieiopoti  In  some 
cases  the  coils  of  the  shell — termed  techmcaUy  the  whorls 
— are  hardly  in  contact  with  one  another  (as  in  lermetus) 
More  commonly  the  whorls  are  in  contact  and  are  so  amalga 
mated  that  the  inner  side  of  each  convolution  is  formed  by  the 
pre-existing  whorl.      In  some  cases  the  whoils  of  the  shell 
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are  coiled  round  a  central  axis  in  the  same  plane,  when  the 
shell  is  said  to  be  "discoidal"  (as  in  the  common  fresh- 
water shell  Planorbis).  In  most  cases,  however,  the  whorls 
are  wound  round  an  axis  in  an  oblique  manner,  a  true  spiral 
being  formed,  and  the  shell  becoming  \'  turreted,"  "  trochoid," 
"  turbinated,"  &c.  This  last  form  is  the  one  which  may  be 
looked  upon  as  most  characteristic  of  the  Gasteropods,  the  shell 
being  composed  of  a  number  of  whorls  passing  obliquely  round 
a  central  axis  or  "  columella,"  having  the  embryonic  shell  or 
"nucleus"  at  its  apex,  and  having  the  mouth  or  "aperture" 
of  the  shell  placed  at  the  extremity  of  the  last  and  largest  of 
the  whorls,  termed  the  "body-whorl."  The  lines  or  grooves 
formed  by  tjie  junction  of  the  whorls  are  termed  the  "  sutures," 
and  the  whorls  above  the  body-whorl  constitute  tlie  "spire"  of 
the  shell.  The  axis  of  the  shell  (columella)  round  wliich  the 
whorls  ate  coiled  is  usually  solid,  when  the  shell  is  said  to  be 
"imperforate;"  but  it  is  sometimes  hollow,  when  tJie  shell  is 
said  to  be  "perforated,"  and  the  aperture  of  the  axis  near  the 
mouth  of  the  shell  is  called  the  "umbilicus."  The  margin  of 
the  "aperture"  of  the  shell  is  termed  the  "peristome,"  and  is 
composed  of  an  outer  and  inner  lip,  of  which  the  former  is 
often  expanded  or  fringed  with  spines.  When  these  expan- 
sions or  fringes  are  periodically  formed,  the  place  of  the  mouth 
of  the  shell  at  different  stages  of  its  growth  is  marked  by 
ridges  or  rows  of  spines,  which  cross  the  whorls,  and  are  called 
"  varices."  In  most  of  the  phytophagous  Gasteropods  {Holo- 
stotnata)  the  aperture  of  the  shell  ^fig.  no,  a)  is  imbrokenly 
round  or  "  entire,"  but  in  the  carnivorous  fonns  {Siphoms/o- 
maia)  it  is  notched,  or  produced  into  a  canal  (fig.  no,  b). 
Often  there  are  two  of  these  canals,  an  anterior  and  a  posterior, 
but  they  do  not  necessarily  indicate  the  nature  of  the  food,  as 
their  function  is  to  protect  the  respiratory  siphons.  The 
animal  withdraws  into  its  shell  by  a  retractor-muscle,  which 
passes  into  the  foot,  or  is  attached  to  the  operculum ;  its  scar 
or  impression  being  placed,  in  the  spiral  univalves,  upon  the 
columella. 

In  the  multivalve  Gasteropods,  the  shell  is  composed  of 
eight  transverse  imbricated  plates,  which  succeed  one  another 
from  before  backwards,  and  are  imbedded  in  the  leathery  or 
fibrous  border  of  the  mantle,  which  may  be  plain,  or  may  be 
beset  nith  bristles,  spines,  or  scales. 
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CHAPTER   XLVIIL 

DIVISIONS  OF  THE  GASTEROPODA. 

The  Gasteropoda  are  divided  into  two  primary  s 
sub-classes,  according  as  the  respiratory  organs  are  adapted 
for  breathing  air  directly,  or  dissolved  in  water:  termed 
respectively  the  Pulmonlfera  or'  Pidmogasteropoda,  and  the 
Branehifera  or  Braruhiogasta-opoda. 

Sub-class  A.  Branchefera  or  Branchiogasteropoda. — 
In  this  sub-class  respiration  is  aquatic,  effected  by  the  thin 
walls  of  the  mantle-cavity,  by  external  branchial  tufts,  or  by 
pectinated  or  plume-like  gills,  contained  in  a  more  or  less 
complete  brantJiial  chamber.     Flexure  of  intestine  hamal. 

This  sub-class  comprises  three  orders  ■ — ■  viz.,  the  Proso- 
hranchiata,  the  Opisthobranchiata,  and  the  Nudeobranchiata  or 
Heteropoda. 

Order  I.  pROSOHifANCHiATA. — The  members  of  this  order 
are  defined  as  follows : — "-'Abdomm  well  developed,  and  pro- 
tected by  a  shell,  into  which  the  whole  animal  can  usually 
retire.  Mantle  forming  a  vaulted  chamber  over  the  back  of 
the  head,  in  which  are  placed  the  excretory  orifices,  and  in 
which  the  branehiEe  are  almost  always  lodged.  Branchim 
pectinated  or  plume-like,  situated  {proson)  in  advance  of 
the  heart  Sexes  distinct." — M.-Edwards,  (See  Woodward's 
'  Manual.') 

The  order  Prosobranchiata  includes  all  the  most  character- 
istic members  of  the  Branchiate  Gasteropods,  and  is  divisible 
into  two  sections,  termed  respectively  Siplwnostomata  and 
Holostomata,  according  as  the  aperture  of  the  shell  is  notched 
or  produced  into  a  canal,  or  is  simply  rounded  and  "  entire." 

The  Siphonostomata,  of  which  the  common  Whelk  {Bucd- 
num  undatum)  may  be  taken  as  an  example,  are  all  marine, 
and  are  mostly  carnivorous  in  their  habits.  The  following 
families  are  comprised  in  this  section : — StrombidiE  (Wing- 
■shells),  Muricidee,  Buednidx  (Wlielks),  Coniiiee  (Cones),  Volti- 
tidce,  and  Cyprmida  (Cowries). 

TTie  Holostomata,  of  which  the  Common  Periwinkle  {Litto- 
rina  littorea)  is  a  good  example,  are  either  spiral  or  limpet- 
shaped,  in  some  few  instances  tubular,  or  multivalve ;  the  aper- 
ture of  the  shell  being  in  most  cases  entire.  They  are  mostly 
plant-eaters,  and  they  may  be  either  marine  or  inhabitants  of 
fresh  water.  The  following  families  are  included  in  this  sec- 
tion : — Naticida,  Pyramtilel/iilte,  Ceritliiadtt,  Melaniada,  Ttirri- 
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tellidm,  Littorinidm  {Periwinkles),  PaludinidiB  (River-snails) 
Neritidx,  TarbinidiB  (Top-shells),  Haliotidm  (Ear-shells),  Fis- 
surellidis  (Key-hole  Limpets),  Calypirmidis  (Bonnet  Limpets), 
Patellidx  (Limpets),  Dentalidm  (Tooth-shells),  and  ChilonidiB. 


Order  II  Opisthobranchiata.— This  order  is  defined  as 
follows : — 

"Shell  rudimentarj ,  or  wanting.  Branchics  arborescent  or 
fasciculated,  not  contained  in  a  special  cavity,  but  more  or  less 
completely  exposed  on  the  back  and  sides,  towards  the  rear 
iopisthen)  of  the  body.  Sexes  united." — M.-Edivards.  (See 
Woodward's  '  Manual.') 

The  Opisthobranchiata,  or  "Sea-slugs,"  may  be  divided  into 
two  sections,  the  Tedibranchiata  and  Nudibranchtata,  accord 
ing  as  the  branchiie  are  protected  or  are  uncovered 

The  first  section,  that  of  the  Tedibranchiata,  is  distinguished 
by  the  fact  that  the  animal  is  usually  provided  with  a  shell, 
both  in  the  larval  and  adult  state,  and  that  the  branchi-e  are 
protected  by  the  shell  or  by  the  mantle.  Under  this  family 
are  included  the  families  of  the  Tomaidlidm,  Btdlidm  (Bubble 
shells),  Apl)isiadie{S^3.-\i3,Ks),Pleurobranchidaa.nAPhyllidiada. 

In  the  second  section,  that  of  the  Nudibratichiata  (fig.  1 1 1), 
the  animal  is  destitute  of  a  shell,  except  in  the  embryo  condi- 
tion, and  the  branchise  are  always  placed  externally  on  the 
back  or  sides  of  the  body.  This  section  comprises  the  families 
Dorida  (Sea-!eiuons),   Wioniada,  ^olidm,  Phylilrhoida,  and 


Hosled  by  Google 


mollusca:  gasteropoda.       315 

Efysiadte.  Specimens  of  the  Sea-slugs  and  Sea-lemons  may  at 
any  time  be  found  creeping  about  on  sea-weeds,  or  attaclied 
to  the  under  surface  of  stones  at 
low  water.  The  head  is  furnished 
with  tentacles,  which  appear  to  be 
rather  connected  with  the  sense  of 
smell  than  to  be  used  as  tactile 
organs ;  and  behind  the  tentacles 
are  generally  two  eyes.  The  ner-  ^'&j"jJ„,']J  ^^''fi'^"  c"'"]  ^^!''' 
vous  system  is  extremely  well  de- 
veloped, and  would  lead  to  the  belief  that  the  Nudibra7ichs 
are  amongst  the  highest  of  the  Gasteropoda.  Locomotion  is 
effected,  as  in  the  true  Slugs,  by  creeping  about  on  the  flat- 
tened foot. 

Order  III.  Nucleobranchiata  or  Heteropqda.— This 
order  is  defined  by  the  following  characteristics:  —  Animal 
provided  with  a  shell,  or  not,  free-swimming  and  pelagic; 
locomotion  effected  by  a  fin-like  tail,  or  by  a  fan-shaped,  ver- 
tically flattened,  ventral  fin. 


The  Heteropoda  are  pelagic  in  their  habits,  and  are  found 
swimming  at  the  surface  of  the  sea.  They  are  to  be  regarded 
as  the  most  highly  oi^anised  of  all  the  Gasteropoda,  at  the 
same  time  that  they  are  not  the  most  typical  members  of  the 
class.  Some  of  them  can  retire  completely  within  their  shells, 
closing  tiiem  with  an  operculum ;  but  most  have  large  bodies, 
and  the  shell  is  eitiier  small  or  entirely  wanting.  They  swim 
by  means  of  a  flattened  ventral  fin,  or  by  an  elongated  tail, 
and  adhere  at  pleasure  to  sea-weed  by  a  small  sucker  situated 
on  the  side  of  the  fin.  These  oigans  are  merely  modifications 
of  the  foot  o£  the  ordinary  CSasteropods ;  the  fin-like  tail  being 
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the  "  metapodiiim "  (as  shown  by  its  occasionaliy  carrying  an 
operculurn),  the  sucker  being  the  "  mesopodium,"  and  the  ven- 
tral tin  bein^  a  inoiiified  "  propodiuni."  The  "  epipodia ''  are 
apparently  altogether  wanting.  Respiration  is  sometimes  ear- 
ned on  by  distinct  branch!^,  but  in  many  cases  these  are 
wantmg,  and  the  function  is  performed  simply  by  the  walls  of 
the  pallial  chamber 

The  Heteropoda  are  divided  into  the  two  families  Firolida 
and  Atlantida,  the  former  characterised  by  having  a  small  shell 
covering  the  circulatory  and  respiratory  organs,  or  by  having 
no  shell  at  all ;  whilst  in  the  latter  there  is  a  well-developed 
shell,  into  which  the  animal  can  retire,  and  an  operculum  is 
often  present. 

Sub-class  B.  Pulmonifera  or  Pulmogasteropoda. — In 
this  sub-class  of  the  Gasteropoda  respiration  is  aerial,  and  is 
carried  on  by  an  inflection  of  the  mantle,  forming  a  pulmonary 
chamber,  into  which  air  is  admitted  by  an  external  aperture. 
The  fiexure  of  the  intestine  is  neural,  ta\A  the  sexes  are  united 
in  the  same  individua^ 


The  Pulmonifera  inchide  the  ordinary  land-snails,  slugs, 
pond-snails,  Sec,  and  are  usually  provided  with  a  well-developed 
shell,  though  this  may  be  rudimentary  (as  in  the  slugs),  or 
even  wanting.  Though  formed  to  breathe  air  directly,  many 
of  the  members  of  this  sub-class  are  capable  of  inhabiting 
fresh  water.  The  common  Pond-snails  are  good  examples  of 
these  last.  The  condition  of  the  shell  varies  greatly.  Some, 
such  as  the  common  Land-snails,  have  a  well-developed  shell, 
within  which  the  animal  can  withdraw  itself  completely. 
Others,  such  as  the  common  Slugs  (fig.  113)  have  a  rudiment- 
ary shell,  which  is  completely  concealed  within  the  mantle. 
Others  are  entirely  destitute  of  a  shell.  They  are  divided  into 
two  sections  as  follows  : — 

Section  1.  Inoperculata. — Animal  not  provided  with  an  oper- 
ailum  to  dose  the  shell.     In  this  section  are  included  the  families 
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Heltddm  (Land-snails),  Limatidm  (Slugs),  Onddiadx,  Lifnnsidm 
(Pond-snails),  and  Auruulidte. 

Section  II.   Opereulata.—Shdl  dosed  by  an  operculum.     Intliis 
section  are  included  the  families  CydostomidcB  and  Adculida. 

Synopsis  ov  the  Families  of  the  Gasteropoda. 
(ArrEE  Woodward.) 

Section  A.   Bkanciiifeka.      Ke^piration  aquatic,  by  the  walls  of  the 
mantle-cavity,  or  by  branchije. 

Dwision  a.  Siphonostomata.     Margin  of  the  sheU-aperture  notched  or 

produced  into  a  canal. 
Fam.  I.  Strombida.     Shell  with  an  expanded  lip,  deeply  notched 

near  the  canal.     Operculum  claw-shaped.     Foot  narrow,  adapted 

for  leaping.     111.  Gen.  Strombus,  Pleroieras. 
Fam.  2.  Muricida.   Shell  with  a  slraighl  anterior  canal,  the  aperture 

entire  posteriorly.  'Foot  broad.     111.  Gen.  Miirex,  Triton,  Pynila, 

Fam.  3,  Baccinida.  Shell  notched  anteriorly,  or  with  the  canal 
abruptly  reflected,  pioducing  a  kind  of  varis  en  the  front  of  the 
shell.  111.  Gen.  Buccinum,  Nassa,  Purpura,  Casiis,  ffarpa, 
Oliiia. 

Fam.  4.  Conida.  Shell  inversely  conical,  with  a  long  narrow  aper- 
ture, the  outer  lip  notched  at  or  near  the  snture.  Operculum 
minute,  lamellar.     111.  Gen.  Coitus,  Fkiirototna. 

Fam.  5.  Vbbitidte,  Shell  curreted  or  convolute,  the  aperture  notched 
in  front ;  the  columella  obliquely  plaited.  No  operculum.  Foot 
verylarge;  mantle  oflen  reflected  over  theshelL  III.  Gen.  Valuta, 
Mitra,  Margindla. 

Fam.  6.  CypnHds.  Shell  convolute,  enamelled  ;  spire  concealed, 
aperture  narrow,  channelled  at  each  end.     Outer  lip  thin  in  the 

Eoung  shell,  but  thickened  and  inflected  in  the  adult.      Foot 
road  ;  mantle  forming  lobes  which  meet  over  the  back  of  the 
shell     III  Gen.  Cypnea,  Ovulum. 
Divisioit  i.  Helostomala.     Margin  of  the  shdl-aperturs  "entire,"  rarely 

ttotchM  Br  prodttced  into  a  canal. 

Fam.  I.  Naticida.  Shell  globular,  of  few  whorls,  with  a  small  spire, 
outer  lip  acote,  pillar  often  caIloti.i.  Foot  very  large  j  mantle- 
lobes  hiding  more  or  less  of  the  shell.     Gen.  Nalica,  Sigaretus. 

Fam.  2.  Fyramiddlittm.  Shell  tnrreted,  with  a  small  aperture, 
sometimes  with  one  or  more  prominent  plaits  on  the  columella. 
Operculum  horny,  imbricated.  111.  Gen.  fyramidella,  Chemnitxia, 
Euliina. 

Fam.  3,  Ceriliiada:.  Shell  spiral,  tnrreted  ;  apeitare  channelled  in 
boat,  with  a  less  distinct  posterior  canal.  Lip  generally  expanded 
in  the  adulL  Operculum  homy  and  spiral  111.  Gen.  Ccrilhiiini, 
Polamidos,  Aporrhais. 

Fam.  4.  Mdatuada,  Shell  spiral,  lurreted ;  aperture  often  chan- 
nelled or  nolchcd  in  front ;  outer  lip  acute.  Optrculum  homy 
and  spiraL      111.  Gen.  Melanin,  Pttlmioinus. 
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fatn.  S-  Turritdlidis.  Shell  tubular,  or  spiral,  often  tuirele.! ; 
upper  part  partitioned  off;  aperture  simple.  Operculum  horny, 
,  many-whorled.  Foot  very  short,  Branchial  plume  single.  111. 
Gen.  Turritella,  Virmelus,  Scalaria. 

Fam.  6.  LUtorinidie.  Shell  spiral,  top-shaped,  or  depressed ;  aper- 
ture roonded  and  entire ;  operculum  horny  and  pauci-spiral.  III. 
Gen.  LUtorina,  Solarium,  RUsoa,  Photus. 

Fam.  7.  PaluiUmda,  Shell  conical  or  globular ;  aperture  rounded 
an  I  entire;  operculum  homy  or  shelly.  111.  Gen.  PahuUiia, 
AmpttUaria,  Kalvala. 

Fam.  S.  Neriiid^.  Shell  thick,  globular,  with  a  very  small  spire; 
aperture  semi-lunate,  its  columellar  side  expanded  ;  outer  lip 
acute.  Operculum  shelly,  sub-spiral.  111.  Gen.  Ncrita,  Pilwlus, 
Nailina. 

Fam.  g.  Turbinida.  Shell  turbinated  (top-shaped),  or  pyramidal, 
nacreous  inside.  Operculum  horny  and  multi-spiral,  or  calca- 
reous and  pauci-spiral.  III.  Gen.  Turbo,  Troclius,  Delphinitla, 
Euampkalus. 

Fam.  10.  HalietiiLc.  Shell  spiral,  ear-shaped,  or  trochoid ;  aperture 
lai^  nacreous.  Outer  lip  notched  or  perfora.ted.  No  operculum. 
Mitntle-margin  with  a  posterior  Ibid  or  siphon,  occupying  the  slit 
or  perforation  in  the  shell.  Metapodium  rudimentary.  IlL  Gen. 
Haiifflis,  Sdssurdla,  Pleurotomaria,  MutvkUonia,  laittldna. 

Fam.  II.  Fhsurdlida.  Shell  conical,  patelliform,  with  a.  notch  in 
the  anterior  mai^n,  or  a  perforation  at  its  apex,  which  is  occupied 
by  an  anal  siphon.  Muscular  impression  horse-shoe-shaped,  open 
in  front.     111.  Gen.  Fissurdla,  Emarginula,  Farmopharus. 

Fam.  la.  C<d^ptr^idie.  Shell  patelliform,  with  a  more  or  less  spiral 
apex  ;  interior  simple,  or  divided  by  a  shelly  process  to  which  (he 
adductor  muscles  are  attached.     111.  Gen.  Calyptraa,  Pilsopsis. 

Fam.  13.  Palellida.  Shell  conical,  with  the  apejt  turned  forwards  ; 
muscular  impression  horse-shoe- shaped,  open  in  front.  Foot  as 
large  as  the  margin  of  the  mantle.  Kesplratory  ot^n  in  the  form 
of  one  or  two  branchial  plumes,  lodged  in  a  cervical  cavity ;  or  of 
a  series  of  lamelhe  surrounding  the  animal  between  the  body  and 
the  mantle.     III.  Gen.  Patella,  Acmsa. 

Fam.  14.  Dintalidiz.  Shell  tubular,  symmetrical,  curved,  open  at 
both  ends.  Aperture  circular.  Fool  pointed,  with  symmetrical 
side-lobes.     Gen.  Denlalium.* 

Fam.  15.  ChilomiliB.  Shell  multivalve,  composed  of  eight  transverse 
imbricated  plates.  Animal  with  broad  creeping  foot ;  brandii^ 
forming  a  series  of  lamellae  between  the  foot  and  the  mantle, 
round  the  posterior  part  of  the  body.     111.  Gen,  CJiilon,  Crypto- 

Order  II.  Opisthobranchiata.  Bianchise  placed  towards  the  rear 
lopist/ien)  of  the  body. 
Seciioa  a.  TectUrranckiaia.  Brancliiie  smiered  by  thi  shell  or  mantle ; 
a  skdl  in  amst.  S^ces  uitiied. 
Fam.  I.  TortmtdlidiE.  Shell  external,  spiral,  or  convoluted  ;  aper- 
ture long  and  narrow;  columella  plaited.  111.  Gen.  Toiiialdla, 
Ciaalia. 

'  Dentaliiim  is  placed  by  Professor  Huxley  amongst  the  PlcrapoJa,  from 
its  rudimentary  head,  the  neural  Hexure  of  the  intestine,  the  nature  of  the 
epipodia,  and  the  clicii-ai,-ters  of  the  larva. 
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Am  2    BuUtJa    Shell  convoluted,  thin ;  spire  small  or  concealed, 

lip  sharp     Animal  more  or  less  investiog  the  >'heli.     IIL  Gen. 

Balla,  Cyltcktia,  PhiHne. 
Pam  3    Aplysiads     Shell  absent,        ni  1  m    t  ry      d  concealed 

by  Ihe  mantle      Anima!  slug-ik         tl       1  side -lobes, 

(epipodia),  reflected  over  the  back      d    h  11      111  Oen.  APlysia, 

Dolabella 
Fam  4.  Pleumhranchidit.     Shell  p  1  II  f  nn        co    enled,  rarely 

wanting      Mantle  or  shell  cover!  g  h    b    k    f  th     iiimal.     III. 

Gen  Platro&ranchus,  Umbrella,  T  I  d 
Fam.  S-  Phyllidiods.     Animal  sUeil-less,  covered  by  a  mantle.   111. 

Gen.  PhyUidia,  DifAylHdia. 
Seclien  6.  Nudi&ranchiala.    Animal  destitiile  of  a  shiUin  llu  adult  cen- 

ditien.     BrancMm  external,  on  tke  bad  or  sides  of  the  body. 
Fam.  6.  Darida:.     Ill  Gen.  Doris. 
Fam.  7.    Ti-iioniada.     111.  Gen.  Tritonia,  Scylltea. 
Fam.  8.  ^oM-e.    IU.  Gen.  Aiotis,  Glaucm. 


Order  III.  Nocleobranchiata  or  Heteropoda.  Shell  present  or 
absent  Animal  free-swimming  and  pelagic,  with  a  fin-like  tail, 
or  a  flattened  ventral  fin. 

Fam.  1.  FirolidiE.  Body  large  ;  brancbiie  exposed  on  the  back,  or 
covered  by  a  small  hyaline  shell ;  locomotion  by  means  of  a  ven- 
tral fin  and  a  tail-fin.     III.  Gen.  Carinaria,  Firola. 

Fam.  3.  AtlantiJis.     Animal  fnmished  with  a  well-developed  shell 
into  which  it  can  retire.     Branchiie  contained  in  a  dorsal  mantle- 
cavity.     Shell  symmetrical,  discoidal,  sometimes  with  an  oper- 
culum.    111.  Gen.  Atlanta,  Bdlerophon,  Maclurea. 
Section  B.  Pulmonifbra.   Respiration  aerial,  by  means  of  a  pulmonary 

chamber. 
Division  I.  InopehCULATA      Slellnotprai  ded  witk  an  eperculum. 

Fam.  1.  Helicidie.  Shell  external  capable  of  containing  the  whole 
animal.     II!.  Gen.  Hdtx  Bui    us   Clan  lia.  Pupa. 

Fam.  2.  Umacids.  Shell  rud  menlary  usually  internal  or 'partly 
concealed  by  the  man  !e  111  Gen  Li  lax,  Paniiacdla,  Testa- 
cdla. 

Fam.  3.  Oneidiailie.  SI  ell  rant  ng  An  nal  slug-like.  III.  Gen. 
Oncidiiim,  Vaginulus. 

Fam.  4.  Limnmds.  Shell  th  n  horn  coloured,  well  developed. 
Aperture  simple,  lip  sharp  111  Gen  Limnsa,  Physa,  Aniylus, 
Platiorbis. 

Fam.  S.  Auricalidis.   Shell  sp  ral  w  tl  a  homy  epidermis ;  aperture 
elongated,  denticulated.     111.  Gen.  Auricula,  Conevulus. 
Division  II.  Oi'eeculata.     ShellioUh  an  operculum. 

Fam.  6.  Cyclostomids.  Shell  spiral,  rarely  elongated,  often  de. 
pressed.  Aperture  ijearly  circular.  Operculum  spiral.  111.  Gen. 
CyclosloKta,  C^clof/wnis,  Puplna. 

Fam.  7.  Acicvlidie.  '-h^H  elongated,  cylindrical;  operculum  thhi, 
and  sul>-spiraL     Gen.  Acicula,  Gmnu-lania. 
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CHAPTER    XLIX. 

PTEROPODA. 

Class  III.  Pteropoda.— The  Fteropoda  are  defined  by  being 
free  atid  pelagic,  swimming  by  means  of  two  w  no^  1  e  appen 
dages  (epipodia),  developed  from  each  s  de  of  the  antercr 
extremity  of  the  body.     The  flexure  of  the  mtestme  is  neural 

As  to  the  position  of  the  Pteropoda  in  the  Molluscan  scale 
they  must  be  looked  upon  as  inferior  in  oi^anisil  on  to  any  of 
the  Gasteropoda,  of  which  class  they  are  often  re^irded  is  the 
lowest  division.  They  permanently  represent  in  ta  t  the  tran 
Stent  larval  stage  of  the  sea-snails. 


rig.  ir4.-Plero| 


The  Pteropods  are  all  of  small  size,  and  are  found  swim- 
ming at  the  surface  of  the  open  ocean,  often  in  enormous 
numbers.  Locomotion  is  effected  by  two  wing-like  fins,  devel- 
oped from  the  sides  of  the  head,  and  composed  of  the  greatly 
developed  "epipodia."  The  true  "foot"  is  rudimentary  and 
rarely  distinct,  but  the  "  metif  odium"  is  sometimes  provided 
with  an  operculum.  There  is  usually  a  symmetncal  glassy 
shell  (fig.  114),  either  consisting  of  a  dorsal  and  ventral  plate 
united,  or  forming  a  spiral,  but  in  some  cases  the  body  is 
naked.  The  head  is  rudimentary,  and  bears  the  mouth,  which 
is  occasionally  tentactilate,  and  which  is  furniahed  with  an 
odontophore.  There  is  ■%  muscular  stomach  and  1  well-devel- 
oped liver ;  and  the  flpvure  of  the  mtestine  is  neural,  so  that 
the  anus  is  situated  on  the  ventral  surfare  of  the  body 

The  heart  consists  of  in  auricle  and  ventncle.  Ihe  respi- 
ratory organ  is  very  nidiipentary,  and  consists  of  a  ciliated 
surface,  which  is  either  entirelj  unprotected,  01  m  vj  be  con- 
tained in  a  branchial  chamber. 

The  ganglia  of  the  nervous  system  "  are  concentrated  into 
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ft  mass  bdmo  the  cesophagus "  (Woodward),  and  the  eyes  are 
rudimentary. 

The  sexes  are  united  in  ail  the  Pteropods,  and  the  young 
pass  through  a  metamorphosis,  having  at  first  a  bilobed  ciliated 
veil  attached  to  the  sides  of  the  head. 

The  Pteropoda  are  divided  into  two  orders,  termed  Tkecoso- 
mata  and  Gymnosomata ;  the  former  characterised  by  possess- 
ing an  external  shell  and  an  indistinct  head ;  the  latter  by 
being  devoid  of  a  shell,  and  by  having  a  distinct  head,  with 
fins  attached  to  the  neck. 

The  Pteropoda,  as  already  said,  are  found  swimming  near 
the  surface  in  the  open  ocean,  and  they  are  found  in  all  seas 
from  the  tropics  to  within  the  aictic  circle,  sometimes  in  such 
numbers  as  to  discolour  the  water  for  many  miles.  They  are 
nocturnal  in  their  habits,  and,  minute  as  they  are,  they  con- 
stitute in  high  latitudes  one  of  the  staple  articles  of  diet  of 
tlie  whale.  They  themselves  are,  in  turn,  probably  carnivor- 
ous, feeding  upon  small  Crustaceans  and  other  diminutive 
animals.  Thov^h  all  the  living  forms  are  small.  Geology  leads 
ns  to  believe  that  there  formerly  existed  comparatively  gigantic 
representatives  of  this  class  of  the  Mollusca. 

SVNOrSIS  OF  THE   FAMILIES   OF  THE    PtEEOPODA, 

(After  Woodwarb.) 
Order  I.  Thecosomata. 

Animal  with  an  external  ^Tiell ;  head  indistinct ;   foot  and  ten- 
tacles rudimentary ;  mouth  situated  in  a  cavity  formed  by  the  union 
of  the  locomotive  organs.     Respiratoij  oignns  contained  within  a 
mantle-cavity. 
Fam.  I.  Hyaleids. 

Shell  symmetrical,  straiglit  or  curved,  glotmlar  or  needle-shaped. 
IlL  Gen.  Hyalea,  Cleodora,  I'&eca,  Conularia. 
Fa/n.  2,  LimaiiniAf. 

Shell  mmnte,  spiral,  sometimes  operculate.     111.  Gen.  Limndna, 
Spinalis. 

ORCEB  II.    GVMNOSOMATA. 

Animal  nalfed,  without  mantle  or  shell  ;  head  distinct;   fins  at- 
tached to  the  sides  of  the  neck  ;  gill  indistinct. 
Fam.  3.   CliidiE, 

Body  fusiform,  foot  distinct,  with  a  central  and  posterior  lobe  ; 
head  with  tentacles.     111.  Gen.  Clio,  Fnatmodamcn. 
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CHAPTER   L. 

CEPHALOPODA. 

Class  IV.  Cephalopoda.— The  members  of  this  class  aie 
defined  by  the  possession  of  eight  or  more  arms  placed  in  a 
circle  round  the  mouth  ;  the  body  is  enclosed  in  a  muscular 
mantle-sac,  and  there  are  two  or  four  plume-like  gills  within 
the  mantle.  There  is  an  anterior  tubular  orifice  (the  "infun- 
dibulum"  or  "funnel"),  through  which  the  effete  water  of  re- 
spiration is  expelled.     The  flexure  of  the  intestine  is  neural. 

The  Cephalopoda,  comprising  the  Cuttle-fishes,  Squids, 
Pearly  Nautilus,  &c.,  constitute  the  most  highly  organised  of 
the  classes  of  the  MoUttsca.  They  are  all  marine  and  carnivo- 
rous, and  are  possessed  of  considerable  locomotive  powers.  At 
the  bottom  of  the  sea  they  can  walk  about,  head  downwards, 
by  means  of  the  arms  which  surround  the  mouth,  and  which 
are  usually  provided  with  numerous  suckers  or  "  acetabula." 
They  are  also  enabled  to  swim,  partly  by  means  of  lateral 
expansions  of  the  integument  or  fins  (not  always  present),  and 
partly  by  means  of  the  forcible  expulsion  of  water  through  the 
tubular  "  funnel,"  the  reaction  of  which  causes  the  animal  to 
move  in  the  opposite  direction. 

The  majority  of  the  living  Ceplialopods  are  naked,  possess- 
ing only  an  internal  skeleton,  and  this  often  a  rudimentary  one; 
but  the  Argonaut  (Paper  Nautilus),  and  the  Pearly  Nautilus, 
are  protected  with  an  external  shell,  though  the  nature  of  this 
is  extremely  different  in  the  two  forms. 

The  integument  in  the  Cuttle-fishes  is  provided  with  nume- 
rous little  sacs,  containing  pigment-granules  of  different  colours, 
and  termed  "  chromatophores."  By  means  of  these  many 
species  can  change  their  colours  rapidly,  under  irritation  or 
excitement. 

The  body  in  the  Cephalopoda  is  symmetrical,  and  is  enclosed 
in  an  integument  which  may  be  regarded  as  a  modification 
of  the  mantle  of  the  other  MoUusca.  Ordinarily  there  is  a 
tolerably  distinct  separation  of  the  body  into  an  anteritir 
cephalic  portion  {prosoma),  and  a  posterior  portion,  enveloped 
in  the  mantle,  and  containing  the  viscera  (nietasoma).  The 
head  is  very  distinct,  bearing  a  pair  of  large  globular  eyes,  and 
having  the  mouth  in  its  centre.  The  mouth  is  surrounded 
by  a  circle  of  eight,  ten,  or  more,  long  muscular  processes,  or 
"amis"  (fig.  115),  which  are  general (y  provided  with  rows  of 
suckers.     Kach  sucker,  or  ".iielabuUim,"  consists  of  a  ciii)- 
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shaped  cavity,  the  muscular  fibres  of  wliich  couverge  to  the 

centre,  where  there  is  a  little  muscular  eminence  or  papilla. 

When    the  sucker  is  applied   to 

any  surface,  the  contraction  of  the 

radiating  muscular  fibres  depresses 

the  papilla  so  as  to   produce   1 

vacuum  below  it  iiid  in  th  s  way 

each  sucker  acts  most  efficiently 

as  an  adhesive  organ      In  some 

forms  {Decapa  ia)  the  base  ot  the 

papilli,  or  piston    is  surrounded 

by  a  horny  dentated  ring  and  in 

some  others  (as  m  O  i\ch  kutl  s) 

the   papilix    are    produced    1  to 

long    claws.       In    the    ( )ctof od 

Luttle  fishes  there  are  01  !y  e  ^bt 

arms    and   these  are   all   nearly 

alike      In   the   Decapod   Cuttle 

hshes  there    are    ten   arms    but 

tno  of  these — called     tent^cles 

^are    much    longer    than     the 

others    ani  bear  suckers  onI>  at 

their   extremities    which   ire  en 

laired  and  club  shaped      In  the 

Pearly    Nautilus    the    arns    are 

numerous     and    are    devod    ot         ^ifrcTivoodwIrd).""'^'""'"'^"" 

suckers. 

The  arms  are  really  produced  by  an  extension  of  the  mar- 
gins of  the  "foot,"  or  of  the  part  corresponding  to  the  foot  of 
the  other  MoUusca.  The  "  antero-lateral  parts  of  each  side  of 
the  foot  extend  forwards  beyond  the  head,  uniting  with  it  and 
with  one  another ;  so  that,  at  length,  the  mouth,  from  having 
been  situated,  as  usual,  above  the  anterior  margin  of  the  foot, 
comes  to  be  placed  in  the  midst  of  it  The  two  epipodia,  on 
the  other  hand,  unite  posteriorly  above  the  foot,  and  where  they 
coalesce,  give  rise  either  to  a  folded  muscular  expansion,  the 
edges  of  which  are  sim|)Iy  in  apposition,  as  in  the  Nautilus; 
or  to  an  elongated  flexible  tube,  the  apes  of  which  projects 
beyond  the  maigin  of  the  mantle,  called  the  'funnel,'  or 
'  infundibulum,'  as  in  the  dibranchiate  Cephalopoda."  — 
(Huxley.) 

The  mouth  leads  into  a  buccal  cavity,  containing  two 
powerful,  horny,  or  partially  calcareous  mandibles,  working 
vertically  like  the  beak  of  a  bird  ;  together  with  an  "odonto- 
phore"  or  "tongue,"  the  anterior  part  of  which  is  sentient, 
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whilst  the  remainder  is  covered  with  recurved  spines,  The 
buccal  cavity  conducts  by  an  cesophagus— into  which  saliviwy 
glands  usually  pour  their  secretion — -to  a  stomach,  from  which 
an  intestine  is  continued,  with  a  neural  flexure,  to  open  on  the 
ventral  surface  of  the  animal  at  the  base  of  the  funnel.  In 
many  cases  there  is  also  a  special  gland,  called  the  "  ink-bag," 
for  die  secretion  of  an  inky  fluid,  which  the  animal  disdiarges 
into  the  water,  so  as  to  enable  it  to  escape  when,  menaced  or 
pursued.  The  duct  of  the  ink-bag  opens  at  the  base  of  the 
funnel;  but  this  apparatus  is  entirely  wanting  in  the  Tetra- 
branchiate  Cephalopoda,  where,  in  consequence  of  the  presence 
of  an  external  shell,  this  means  of  defence  is  not  needed. 

The  respiratory  organs  are  in  the  form  of  two  or  four  plume- 
like gills,  placed  on  the  sides  of  the  body  in  a  branchial  cavity 
which  opens  anteriorly  on  the  under  surface  of  the  body.  At 
the  base  of  each  gill,  in  the  Cuttle-fishes,  is  a  special  contrac- 
tile cavity,  whereby  the  venous  blood  returned  from  the 
body  is  driven  through  the  branchire.  In  addition  to  these 
accessory  organs — the  so-called  "  branchial  hearts  " — there  is 
a  true  systemic  heart,  by  which  the  aerated  blood  received 
from  the  gills  is  propelled  through  the  body.  In  the  higher 
Cephalopods  a  capillary  system  of  vessels  intervenes,  in  most 
cases  at  any  rate,  between  the  arteries  and  the  veins.  The 
admission  of  water  to  the  branchiEe  is  effected  by  the  expansion 
of  the  mantle  so  as  to  allow  the  entrance  of  the  outer  water  into 
the  pallial  chamber.  The  mantle  then  contracts,  and  the  water 
is  forcibly  expelled  through  the  funnel,  which  is  provided 
with  a  valve  permitting  the  egress  of  water,  but  preventing 
its  ingress.  By  a  repetition  of  this  process,  not  only  is  respi- 
ration effected,  but  locomotion  is  simultaneously  subserved; 
the  jets  of  water  expelled  from  the  funnel,  by  their  reaction, 
driving  the  animal  in  the  opposite  direction. 

The  nervous  system  is  formed  upon  essentially  the  same 
plan  as  in  the  other  Moilusca,  but  it  is  more  concentrated, 
and  the  supra-cesophageal  or  cerebral  ganglia  are  protected  by 
a  cartilage,  which  is  to  be  regarded  as  a  rudimentary  cranium. 
This  structure,  therefore,  presents  us  with  the  nearest  ai>- 
proach  which  we  have  yet  met  with  to  the  Vertebrate  type  of 
organisation. 

The  sexes  in  ail  the  Cephalopoda  are  in  different  individuals, 
.  and  the  reproductive  process  in  the  Dibranchiate  section  of 
tlie  cl-iss  (Cuttle  fishes)  is  attended  with  some  very  singular 
phenomena  In  tins  order  the  ducts  of  the  generative  organs 
open  mto  the  pdia!  chamber,  and  each  individual,  besides 
the  essentid  orpins  of  reproduction  (testis  or  ovary),  gene- 
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tally  possesses  an  accessory  gland ;  that  of  the  female  secret- 
ing a  viscid  material  which  unites  the  eggs  together,  whilst 
that  of  the  male  coats  the  spermatozoa,  and  aggregates  them 
into  peculiar  worm-like  filaments,  termed  "  spermatophores," 
or  the  "moving  filaments  of  Needham."  The  sperraatophore 
is  filled  with  spermatozoa,  and  possesses  the  power  of  ex- 
panding when  moistened,  rupturing,  and  expelling  the  con- 
tained spermatozoa  with  considerable  force.  During  the 
congress  of  the  sexes  the  male  transfers  the  spermatophores  to 
the  pallial  chamber  of  the  fennale,  true  intromission  not  being 
possible.  Further,  in  all  the  male  Cuttle-fishes  one  of  the 
arms  is  specially  modified  to  subserve  reproduction ;  bemg 
in  many  cases  so  altered  as  to  become  useless  as  a  locomotive 
organ.  The  arm  so  affected,  in  the  more  striking  forms,  is 
said  to  be  "  hectocotylised,"  and  —  like  the  metamorphosed 
palpi  of  the  male  spiders — ^it  serves  to  convey  the  seminal 
fluid  to  the  female.  The  mode  in  which  tliis  is  effected  varies 
in  different  species.  Thus,  in  the  male  Octopus  (the  Pouipe) 
the  third  right  arm  is  primitively  developed  in  a  cyst,  which 
ultimately  ruptures  and  liberates  the  metamorphosed  arm, 
which  then  appears  to  be  of  greater  size  than  the  correspond- 
ing arm  on  the  left  side,  and  to  terminate  in  an  oval  plate 
(fig.  116).  To  this  terminal  plate  the  spermatophore  is  pro- 
bably transmitted,  but  the  arm  itself  probably  remains  perma- 
nently attached  to  the  animal.  It  is  asserted,  however,  that 
in  the  form  figured  below  {Octopus  earena)  the  hectocotylised 
arm  is  detached  and  deposited  in  the  pallia)  chamber  of  the 
female  ;  being  reprodiiced  after  each  generative  act.  In  Trc- 
moctopus  the  third  right  arm  of  the  male  is  "  hectocotylised," 
and  is  converted  into  a  vermiform  body,  with  two  rows  of 
ventral  suckers,  and  an  oval  appendage  or  sac  behind,  which 
contains  spermatozoa.  Besides  the  suckers,  the  anterior  part 
of  the  back  is  fringed  with  a  number  of  so-called  "branchial" 
filaments. 

In  the  Argonaut  the  male  is  not  more  than  an  inch  in  length, 
is  devoid  of  a  shell,  and  has  its  third  left  arm  hectocotylised. 
This  arm  is  developed  in  a  cyst,  which  is  ruptured  by  the 
movements  of  the  "  hectocotylus,"  which  then  appears  as  a 
small  worm-like  body,  with  a  filiform  appendage  in  fi:ont,  with 
two  rows  of  alternating  suckers,  and  a  dorsal  sac  with  nume- 
rous "  chromatophores."  The  duct  of  the  testis  probably  opens 
into  the  base  of  the  hectocotylus,  which  is  ultimately  detached, 
and  is  deposited  by  the  male  within  the  pallial  chamber  of  the 
female.  When  first  discovered  in  this  position,  it  was  described 
as  a  parasitic  worm  under  the  name  of  "Hectocotylus;"  snb- 
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sequendy  it  was  described  as  the  entire  male,  and  it  is  only 
recently  that  its  true  nature  has  been  fully  ascertained. 


Woodward-) 


The  sMl  of  the  Cephalopoda  is  sometimes  external,  some- 
times internal.  The  internal  skeleton  is  known  as  the  "  cuttle- 
bone,"  "  sepiostaire,"  or  "  pen  "  {gladitis),  and  may  be  either 
corneous  or  calcareous.  In  some  cases  it  is  rendered  complex 
by  the  addition  of  a  chambered  portion  or  "  phragmacone," 
which  is  to  be  regarded  as  a  visceral  skeleton  or  "  splanchno- 
skeleton."  In  Spirilla  the  phragmacone  is  the  sole  internal 
skeleton,  and  is  coiled  into  a  spimJ,  the  coils  of  which  lie  in 
one  plane,  and  are  near  one  another,  but  not  in  contact.  It 
thus  resembles  the  shell  of  the  Peariy  Nautilus,  but  it  is  internal, 
and  differs,  therefore,  entirely  from  the  external  shell  of  the 
latter.  The  oniy  living  Cephalopods  which  are  provided  with 
an  external  shell  are  the  Paper  Nautilus  {Argouaiita),  and  the 
Pearly  Nautilus  (Aim//7«,f/iJOT/;7«V«);  but  not  only  is  the  struc- 
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tare  of  the  animal  different  in  each  of  these,  but  the  nature  of 
the  shell  itself  is  entirely  different.  The  shell  of  the  Argonaut 
(fig.  117)  is  involuted,  but  is  not  divided  into  chambers,  and 
it  is  secreted  by  the  webbed  extremities  of  two  of  the  dorsal 
arms  of  the  female.  The  arms  are  bent  backwards,  so  as  to 
allow  the  animal  to  live  in  the  shell,  but  there  is  in  reality  no 
organic  connection  between  the  shell  and  the  body  of  the 
aniraal.  In  fact,  the  shell  of  the  Argonaut,  being  confined  to 
the  female,  and  serving  by  its  empty  apex  as  a  receptacle  for 
the  ova,  may  be  looked  upon  as  a  "  nidamental  shell,"  or  as 
it  is  secreted  by  a  modified  portion  of  the  foot,  it  may  more 
properly  be  regarded  as  a  "  pedal  shell."  The  shell  of  the 
Pearly  Nautilus  (fig.  119),  on  the  other  hand,  is  a  true  pallial 
shell,  and  is  secreted  by  the  body  of  the  animal,  to  which  it  is 
organically  connected.  It  is  involuted,  but  it  differs  from  the 
shell  of  the  Argonaut  in  being  divided  into  a  series  of  chambers 
by  shelly  partitions  or  septa,  which  are  pierced  by  a  tube  or 
"  siphuncle,"  the  animal  itself  living  in  the  last  chamber  only 
of  the  shell 

The  Cephalopoda  are  divided  into  two  extremely  distinct  and 
well-marked  orders,  termed  the  Dibranchiata  and  the  Tetra- 
branchiata.  The  former  is  characterised  by  the  possession  of 
two  branchiK  only,  and  comprises  the  Cuttle-fishes,  Squids, 
and  the  Paper  Nautilus.  The  latter  is  distinguished  by  the 
presence  of  four  gills,  and,  though  abundantly  represented  in 
past  time,  has  no  other  living  representative  than  the  Pearly 
Nautilus  alone. 


CHAPTER   LI. 

DIVISIONS  OF   THE   CEPHALOPODA. 

Order  I.  Dibranchiata. ^The  members  of  this  order  of  the 
Cephalopoda  SX&  characterised  as  being  swimming  animals,  al- 
most invariably  naked,  with  never  more  than  eight  or  ten  arms, 
which  are  always  provided  with  suckers.  There  are  two 
branchiae,  which  are  furnished  with  branchial  hearts;  an  ink- 
sac  is  always  present;  the  fimnel  is  a  complete  tube,  and  the 
shell  is  internal,  or,  if  external,  is  not  chambered. 

The  Cuttle-fishes  are  rapacious  and  active  animals,  swim- 
ming freely  by  means  of  the  jet  of  water  expelled  from  the 
funnel.       The  arms   constitute   powerful   offensive  weapons. 
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being  excessively  tenacious  in  their  hold,  and  being  sometimes 
provided  with  a  sharp  daw  in  the  centre  of  each  sucker.  They 
are  mostly  nocturnal  o(  crepuscular  animals,  and  they  some- 
times attain  to  a  great  size.  They  may  he  divided  into  two 
sections  Octopoda  ind  Decapoda  according  as  they  have 
simply  eight  arms  or  eight  arms  and  two  additional  "  ten- 
tacles 

Section  A.  Octoioda  —  The  Cephalopods  comprised  in 
this  section  art  distm^uished  by  the  possession  of  not  more 
than  eight  arms,  which  are 
provided  with  sessile  suck- 
ers 1  he  shell  is  internal 
and  mdimentary ;  in  one 
instance  only  (the  Argo- 
niut)  e\ternal.  The  body 
IS  short  and  bursifonn, 
ind     ordinarily    without 

rhis  section  comprises 
the  two  families  of  the 
hgmautidm,  and  the  Oc- 
/ piitia  In  the  former 
I  these  there  is  only  the 
in^le  genus  Argonaiifa 
[  die  Paper  Sailor,  or  the 
'  1  ai  er  Nautilus),  of  which 
tilt  female  and  male  differ 
.,ieitl>  from  one  another. 
1  lit  temile  Argonaut  (fig. 
1 1 7 )  IS  protected  by  a  thin 
shigle-chambcred  shell,  in 
.  form  symmetrical  and  in- 
\  voluted,  which  is  secreted 
paraKd  fiom  iht  siicU,  whici;  they  ordiiuuify  by  the  wchbcd  cxtremi- 
"°  ''^'  ties  of  the  dorsal  arras, 

hut  is  not  attached  in  any  way  to  the  body  of  the  animal.  It 
sits  in  its  shell  with  the  funnel  turned  toward  the  keel,  and  the 
wehhed  arms  applied  to  the  shell.  The  male  Aigonaut  is 
much  smaller  than  the  female  (about  an  inch  in  length),  and  is 
not  protected  by  any  shell.  The  third  left  arm  is  developed 
in  a  cyst,  and  ultimately  becomes  a  "  hectocotylus,"  and  is 
deposited  by  the  male  in  the  pallial  chamber  of  the  female. 

In  the  Octopodid<e  (or  Poulpes)  there  are  eight  arms,  all 
similar  to  one  another,  and  united  at  the  base  by  a  web.  There 
is  an  internal  rudimentary  shell,   represented  by  two   short 


'Siui'^^'feni^t"' 
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Styles  encysted  in  the  substance  of  the  mantle. — {0«en.)    The 
body  is  seldom  provided  with  lateral 
fins.    The  third  right  arm  of  the  male 
is  primarily  developed  in  a  cyst,  and 
ultimately  becomes  "  hectocoiylised." 

Section  B.  Decapoda. — The  Ce- 
phalopods  of  this  section  have  eight 
arms  and  two  additional  "  tentacles," 
which  are  much  longer  than  the  true 
arms,  are  retractile,  and  have  expand- 
ed club-shaped  extremities  (fig.  115). 
The  suckers  are  pedunculated;  the 
body  is  always  provided  with  lateral 
fins,  and  the  shell  is  always  internal. 

This  section  comprises  the  three 
living  families  of  the  Teutkida,  Sepi- 
adie,  and  K\isSpirtilid/e,a.-aA  the  extinct 
family  of  the  Belemnitida. 

The  family  of  the  Teuthida  com- 
prises the  Caiamaries  or  Squids,  cha- 
racterised by  the  possession  of  an 
elongated  body  with  lateral  fins. 
The  shell  is  internal  and  homy,  con- 
sisting of  a  median  shaft  and  of  two 
lateral  wings ;  it  is  termed  the  "  gladi- 
us"  or  "pen,"  and  in  old  specimens 
several  may  be  found  lodged  in  the 
mantle,  one  behind  the  other.  In 
the  common  Calamary  {Loligo)  the 
fourth  left  arm  of  the  male  is  meta- 
morphosed towards  its  extremity  to 
subserve  reproduction. 

In  the  family  of  the  Sepiada  the 
internal  shell  is  calcareous  ("cuttle- 
bone"  or  "  sepiostaire "),  and  is  in 
the  form  of  a  broad  plate,  having  an 
imperfectly  cjiambered  apex.      The 
broad  laminated   plate  is  extremely 
light  and  spongy,  and  the  chambered 
apex  is  called  the  "mucro."    In  the         ^„„,^,         ^.,^„ 
living  members  of  the  family  the  body         "■"">"■•'   s    •■^^•^•^^ 
is  provided  with  long  lateral  fins,  sometimes  as  long  and  as  wide 
as  the  body  itself. 

In  the  singular  family  of  the  Spirulid<z  the  internal  skeleton  is 
in  the  form  of  a  nacreous,  discoidal  shell,  the  whorls  of  which 
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are  not  in  contact  with  one  another,  and  which  is  divided  into 
a  series  of  chambers  by  means  of  partitions  or  septa  which  are 
pierced  by  a  ventral  tube  or  "siphuncle."  The  body  is  provided 
with  minute  terminal  fins,  and  the  amis  have  six  rows  of  smalt 
suckers.  The  shell  of  the  Spirilla — commonly  known  as  the 
"post-horn" — is  similar  in  structure  to  the  shell  of  the  Nauli- 
liis,  but  it  is  lodged  in  the  posterior  part  of  the  body  of  the 
animal,  and  is  therefore  interna/,  whereas  the  shell  of  the 
latter  is  external.  It  really  corresponds  to  the  "  phragmacone  " 
of  the  Belemnice.  Though  the  shell  occura  in  enormous  num- 
bers in  certain  localities,  a  s'ngle  perfect  specimen  of  the  animal 
is  all  that  has  been  hitherto  obtained. 

In  the  extinct  family  of  the  Belemnitidce,  our  knowledge  is 
chiefly  confined  to  the  hard  parts.  Certain  specimens,  how- 
ever, have  been  discovered  which  show  that  the  Belcmmte  had 
essentially  the  structure  of  a  Cuttle-fish,  such  as  the  recent 
Sepia.  The  bod)  vas  provided  with  lateral  fins;  the  arms 
were  eight,  furn  shed  w  th  homy  hooks,  with  two  "  tentacles ;" 
and  probabl)  the  mouth  as  provided  with  homy  mandibles. 
An  ink-bag  as  prese  t  The  internal  skeleton  of  a  Belein- 
nitet^%.  ii8)  co  ss  of  a  chambered  cone — the"phragma- 
cone"— the  septa  of  vh  ch  are  pierced  with  a  marginal  tube 
or  "  siphuncle.  In  the  last  chamber  of  the  phragmacone  is 
contained  the  ink-bag,  often  in  a  well-preserved  condition. 
Anteriorly  the  phragmacone  is  continued  into  a  homy  lamina 
or  "pen"  (the  " pro-ostracum "  of  Huxley),  and  posteriorly  it 
is  lodged  in  a  conical  sheath  or  "  alveolus,"  which  is  excavated 
in  the  substance  of  a  nearly  cylindrical,  fibrous  body,  the 
"guard"  (fi^.  ii8,^),  which  projects  backwards  for  a  longer 
or  shorter  distance,  and  is  the  part  most  usually  fotmd  in  a 
fossil  condition. 

Order  II.  Tetraeranchiata. — The  members  of  this  order 
of  the  Ceplialepoda  are  characterised  by  being  creeping  animals, 
protected  by  an  external,  many-chambered  shell,  the  septa 
between  the  chambers  of  which  are  perforated  by  a  membra- 
nous or  calcareous  tube,  termed  the  "siphuncle."  The  arms 
are  numerous,  and  are  devoid  of  suckers ;  the  branchife  are 
four  in  number,  two  on  each  side  of  the  body ;  the  funnel  does 
not  form  a  complete  tube ;  and  there  is  no  ink-bag. 

Though  abundantly  represented  by  many  and  varied  extinct 
forms,  the  only  living  member  of  the  Tetrabranchiata  is  the 
Pearly  Nautilus,  which  has  been  'long  known  by  its  beautiful 
chambered  shell,  but  the  soft  parts  of  which  can  hardly  be  said 
to  be  known  by  more  than  one  perfect  specimen,  which  was 
examined  by  Professor  Owen. 
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The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
into  a  posterior,  soft,  membranous  mass  {metasoma),  contain- 
ing the  viscera,  and  an  anterior  muscular  division,  comprising 
the  head  (prosoma);  the  whole  being  contained  in  the  outer- 
most, capacious  chamber  (the  body-chamber)  of  the  shell,  from 
which  the  head  can  be  protruded  at  will.  The  shell  itself  (fig, 
1 19)  is  involuted  and  many-chambered,  the  animal  being  con- 
tained successively  in  each  chamber,  and  retiring  from  it  as  its 
size  becomes  sufficiently  great  to  necessitate  the  acquisition  of 
more  room.  Each  chamber,  as  the  animal  retires  from  it,  is 
walled  off  by  a  curved,  nacreous  septum  ;  the  communication 
between  the  chambers  being  still  kept  up  by  a  membranous 


tube  or  siphuncle  which  opens  at  one  extreraiti  into  the  peri 
cardium,  and  is  continued  through  the  entire  length  of  the 
shell.  The  f  o^ition  of  the  Mphuncle  is  in  the  centre  of  e-ich 
septum. 

Posteriorly  the  mantle  of  tht.  Nautilus  is  \erv  thin,  but  iC  is 
much  thicker  in  front  and  forms  a  thick  fold  or  collar  sur- 
rounding the  head  ■ind  its  appendages  From  the  sides  of  the 
head  spring  a  great  number  of  muscukr  prehensile  processes 
or  "arms,"  which  aie  annulated  but  are  not  provided  with 
cups  or  suckers  In  the  centre  of  the  head  is  the  mouth,  sur 
rounded  by  a  circular  fleshy  lip  external  to  which  is  a  sencs 
of  labial  prore^ses      The  month  open^  mto  a  buccil  cavit\ 
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armed  with  two  homy  mandibles,  partialJy  calcified  towards 
their  extremities,  and  sliaped  like  the  beak  of  a  parrot,  ex- 
cept that  the  under  mandible  is  the  longest  There  is 
also  a  "  tongue,"  which  is  fleshy  and  sentient  in  front,  but  is 
armed  with  recurved  teeth  behind.  The  gullet  opens  into  a 
hige  crop,  which  in  turn  conducts  to  a  gizzard,  and  the  intes- 
tine terminates  at  the  base  of  the  fiinnel.  On  each  side  of  the 
crop  is  a  well-developed  liver. 

The  heart  is  contained  in  a  large  cavity,  divided  into  several 
chambers,  and  termed  the  "pericardium." — {Owen.)  The  re- 
spiratory organs  are  in  the  form  of  four  pyramidal  branchise, 
two  on  each  side. 

The  chief  masses  of  the  nervous  system  are  the  cerebnl  and 
infra-cesophageal  ganglia,  which  are  partially  protected  by  a 
cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 
muscles.  The  organs  of  sense  are  two  large  ejes  attached 
by  short  stalks  to  the  sides  of  the  head  and  two  hollow 
plicated  subocular  processes,  believed  to  be  olfictorj  m  tht  r 
function. 

The  reproductive  organs  of  the  female  cons  t  of  an  o\in 
oviduct,  and  accessory  nidamental  gland 

There  is  no  ink-bag,  and  the  funnel  docs  not  fomi  a  com- 
plete tube,  but  consists  of  two  muscular  lobes,  which  are  simply 
in  apposition.  It  is  the  oi^an  by  which  swimming  is  effected, 
the  animal  being  propelled  through  the  water  by  means  of  the 
reaction  produced  by  the  successive  jets  emitted  from  the 
funnel.  The  function  of  the  chambers  of  the  shell  appears 
to  be  that  of  reducing  the  specific  gravity  of  the  animal  to  near 
that  of  the  surrounding  water,  since  they  are  most  probably 
filled  with  some  gas  secreted  by  the  animal.  The  function  of 
the  siphuncle  is  unknown,  except  in  so  far  as  it  doubtless  serves 
to  maintain  the  vitality  of  the  shell. 

Shell  of  the  Teteaeranchiata.— The  shells  of  all  the 
Telrah-ttttchiaia  agree  in  the  following  points  : — 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or  "  septa,"  the  edges  of  which,  where  they  appear  on  the  shell, 
are  termed  the  "sutures." 

3.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
the  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell  are  united  by  a  tube, 
termed  the  "  siphuncle." 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
very  distinct  types  of  shell  may  be  distinguished  as  character- 
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istic  of  the  two  families  Nautilidm  and  Ammonitidm,  into  wliicli 
the  order  Teirabranchiaia  is  divided. 

In  the  family  Nautilida  (lig.  izo),  the  "septa"  of  the  shell 
are  simple,  curved,  or  slightly  lobed ;  the  "  sutures  "  are  more 
or  less  completely  plain;  and  the  "siphuncle"  is  central; 
sub-central,  or  internal  {i.e.,  on  the  concave  side  of  the  curved 
shells). 

In  the  family  Ammoiiitidm  (fig.  120),  on  the  other  hand,  the 
septa  are  folded  and  complex;  the  sutures  are  angulated,  zig- 
zag, lobed,  or  foliaceous ;  and  the  siphuncle  is  external  {i.e.,  on 
the  cmvex  side  of  the  cuived  shells). 

.0  ,0  D^'Q.Q 


In  both  these  great  types  of  shell,  a  series  of  representative 
forms  exists,  resembling  each  other  in  the  manner  in  which  the 
shell  is  folded  or  coiled,  but  differing  in  their  fundamental 
structure.  All  these  different  forms  may  be  looked  upon  as 
produced  by  the  modification  of  a  greatly  elongated  cone,  the 
structure  of  which  may  be  in  conformity  with  the  type  either 
of  the  Nautilida  or  of  the  Amnumitidce.  The  following  table 
(after  Woodward)  exhibits  the  representative  forms  m  the  two 
families : — 

Nautilidm.  Ammmilidis. 

Shell  straight     ....  Orthoceras  .  .  Baculites. 

„  bent  on  itself     .     .  Ascoceras    .  .  Ptychoceras. 

„  curved      ....  Cyrtoceras  .  ,  Toxoceras. 

„    spiral Trochoceras  .  Turrilites. 

„  discoidal  ....  Gyroceras    .  .  Crioceras. 

„  discoidal  andproduced  Lituites  .     .  .  Ancyloceras. 

„  involute    ....  Nautilus       .  .  Ammonites. 

After  the  Nautilus  itself,  the  most  important  form  of  the 
Nautilidm  is  the  Orihoca'as  {^^.  tar).     In  structure  this  was 
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doubtless  essential]y  lae  itical  with  the  Nautilus  but  the  shell, 
instead  of  being  coiled  into  a  spiral  1)  ing  in  one  phne,  was  ex- 
tended m  %  straight  or  nearlj  straight  line.  Orthoceratites  of 
more  than  six  feet  in  Icnoth  h^ve  been  discovered  but  in  all, 
the  body  chimber  in  wh  t.h  the  animal  was  lodged  appears  to 
have  been  comparitivel>  smill  The  siphuncle  is  usually  very 
coraplev  n  struLture  and  s  cil  ireous  throu^ho  t  its  entire 
length 


The  structure  of  the  shell  m  the  Ammamfidis  is  exactly  that 
of  the  Pearly  Nautilus,  consisting  of  an  outer  porcellanous 
and  an  inner  nacreous  layer.  The  body-chamber  was  rather 
elongated  than  laterally  expanded  or  dilated.  The  simplest 
form  of  the  Ammoniiidk  is  the  Baculite,  in  which  the  shell  is 
straight,  like  that  of  an  Orthoceras,  whilst  the  septa  have  the 
characters  of  those  of  an  Ammontle,  and  the  siphuncle  is  ex- 
ternal. In  the  TurriUte  the  structure  of  the  shell  is  the  same, 
but  it  is  coiled  into  a  turreted  spiral.  In  the  Ammonite  itseH 
the  shell  is  discoidal  and  involuted,  corresponding  (in  form)  to 
the  shell  of  the  Nautilus ;  the  body-chamber  was  of  compara- 
tively large  size,  and  had  its  aperture  closed,  in  some  species 
at  any  rate,  by  an  operculum.  The  shell  sometimes  attained 
a  gigantic  size,  and  several  hundred  species  of  the  genus  have 
been  described.  In  Crioceras  the  shell  was  a  flat  spiral,  like 
that  of  the  Ammonites,  but  the  whorls  are  not  in  contact.  In 
Toxoceras  the  shell  is  shaped  like  a  bow.  In  Ancyloceras  the 
shell  is  at  first  discoidal,-  with  separate  whorls,  then  produced 
into  a  straight  line,  and  finally  bent  forwards  into  a  hook. 
Synopsis  of  the  Families  of  the  Cephai.opoda. 
Class  Cephalopoda. 
Order  I.  Dieranchiata- 

Animal  with  two  brmchise ;  not  more  than  eight  or  ten  arms, 
provided  witli  suckeia ;  an  ink-bag ;  shell  commonly  internal  and 
rudimentary  ;  rarely  external,  but  not  chambered. 

Section  A.  Octopoda. 
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Fam.  I.  ArgonaatiiiiE. 

Female  provided  with  a  calcareous,  external,  mjnotlialamoii'* 
shell,  secreted  by  the  webbed  extremities  of  the  dorsal  arms. 
Gen.  Argonaiila. 
Fam.  2.   OctufOiluliC. 

Shell  internal,  nidimentaty,  uncalciiied.     No  pallial  fins  in 
most.     IlL  Gen.  Octopus^  Tronoclopus^  Elahne^  Pinnoctopus. 
Section  E.  Dec  apod  a. 

Armseight,  wilh  taio  clavaie  "tenlacUs;"  S2iiktn peduntulalsi. 
Fam.  3.   Teuthida. 

Shell  an  internal  horny  "pen"  or  "gladius."    Fins  mostly 
terminal.      111.  Gen.  Loligo,  Onychoteulhis,  Ommastrephei. 
Fam.  4.'  Bdemnitidm. 

Shell  internal,  composed  of  a  conical  chambered  portion 
( "  phragmacone  ")  with  a  marginal  sjphuncle,  sometimes  pro- 
duced into  a  homy  plate  or  "  pen,"  and  lodged  in  a  cylindrical 
fibrous   "gnard."     111.   Gen.   Belemniles,  Belemnitdla,  Beltm- 

Fam.  5.  Sepiads. 

Shell  calcareous,  consisting  of  a  broad,  laminar  plate,  termi- 
nating posteriorly  in  an  imperfectly  chambered  apej:("  phragma- 
cone").    111.  Gen.  Sepia,  Beloplera,  Spiruliroslm. 
Fam.  6.  Spiralidii. 

Shell   internal,  nacreous,   chambered,   discoidal ;  the  whorls 
separate ;  a  ventral  siphuncle.     Gen.  Spinila. 
Order  II,  Tetrabranchiata. 

Animal  with  four  gills  ;  arms  more  than  ten,  without  suckers; 
no  ink'bag  ;  shell  external,  chambered,  and  siphunded. 
Fmn.  I.  Nauiilidix. 

Sutures  of  the  shell  simple  ;  the  siphuncle  central,  sub-central, 
or  neat  the  concavity  of  the  curved  shells,  simple. 
Stib-/ami!y  NautUidm  proper. 

Body-chamber  capacious  ;  aperture  simple  ;  siphuncle 
central  Or  intemaL     111.  Gen.  Nautilus,  LituUes,  Trocho- 

Sub-fatialy  O.'lhoceratida. 

Shell  straight,   curved,   or  discoidal ;   body-chamber 
small ;  apertnre  contracted  ;  siphuncle  complicated.      111. 
Gen.  Ortlmceras,  FAra^ioceras,  Cyrloeeras. 
Fam.  2,  AmmeiiieidiB. 

Shell  discoidal,  curved,  spiral,  or  straight ;  body-chamber 
elongated  ;  aperture  cnarded  by  processes,  or  closed  by  an  oper- 
culum ;  sutures  angulated,  lobed,  or  foliaceous  ;  siphuncle  ex- 
ternal or  dorsal  (on  the  convex  side  of  the  curved  shells).  111. 
Gen.  AmmonUes,  Ceraiiles,  BaculUes,  TurrilUei,  Scaphiles,  Amy. 
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CHAPTER  LIT. 


Remains  of  the  Mollusca  proper  are  found  in  greater  or  less 
abundance  in  almost  all  the  stratified  rocks  from  the  com- 
mencement of  the  Silurian  period  up  to  the  present  day. 
Speaking  generally,  the  Tetrabranchiate  Cephalopoda  are  the 
chief  representatives  of  the  Mollusca  in  the  Palseozoic  rocks, 
the  Lamellihranchiata  and  the  DibranchiaCe  Cephalopoda  in  the 
Mesozoic  rocks,  and  the  Gasteropoda  in  the  Kainozoic  period ; 
but  all  the  primary  classes  are  represented  even  in  the  Lower 
Silurian  rocks,  'fhe  folUowing  are  the  more  noticeable  facts 
relating  to  the  distribution  of  the  various  classes  in  past  time. 

Lamellibranehiata. — The  Lamellibranchs  are  known  to  have 
existed  in  the  Lower  Silurian  period,  and  have  steadily  in- 
creased up  to  the  present  day,  when  the  class  appears  to  have 
attained  its  maximum,  both  as  regards  numbers  and  as  regards 
variety  of  type.  The  recent  bivalves  are  also  superior  in 
organisation  to  those  which  have  preceded  them.  Upon  the 
whole  the  Asiphonate  bivalves  are  more  characteristically 
Palaeozoic,  whilst  those  ia  which  the  mantle-lobes  are  united, 
and  there  are  respiratory  siphons,  are  chiefly  found  in  the 
Secondary  and  Tertiary  epochs.  One  very  singular  and  aber- 
rant family — viz.,  the  HippitriHda — is  exclusively  confined  to 
the  Secondary  rocks,  and  is,  indeed,  not  known  to  occur  be- 
yond the  limits  of  the  Cretaceous  formation.  The  Vmerida, 
which  are  perliaps  the  most  highly  organised  of  the  families  of 
the  Latneliibraiichiata,  appear  for  the  first  time  in  the  Oolitic 
rocks,  and,  increasing  in  the  Tertiary  period,  have  culminated 
in  the  Recent  period. 

Gasteropoda. — -The  Gasteropoda  are  represented  in  past  time 
from  the  Lower  Silurian  rocks  up  to  the  present  day.  Of  the 
Branckifera  the  Holostomata  ate  more  abundant  in  the  Palieo- 
zoic  period,  the  Siphomstomata  abounding  more  in  the  Se- 
condary and  Tertiary  rocks,  but  not  attaining  their  maximum 
till  the  present  day.  The  place  of  the  carnivorous  Siphons 
stomafa  m  the  Palreozoic  seas  appears  to  have  been  filled  by 
the  Tetrabranchiate  Cephalopods.  The  branchiate  Gastero- 
pods  of  fresh  water  are  chiefly  represented  as  fossils  by  the 
genera  Paludtna,  Vahata,  and  Ampt/Jlaria. 

The  Heteropoda  are  likewise  of  very  ancient  origin,  having 
commenced  their  existence  in  the  lowest   Silurian  deposits. 
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The  genera  Belierophon,  Porcdlia,  CyrtolUes,  and  Maclurea,  are 
almost  exclusively  Palaeozoic;  Bellerophina  is  found  in  the 
Gault  ^Secondary),  and  Cariitaria  has  been  detected  in  the 
Tertianes. 

The  Pulmonate  Gasteropoda,  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which- the  ^^nsTdi  Limntea,  P/iysa, 
Ancylus,  &c.,  are  amongst  those  most  commonly  represented. 
These,  however,  are  entirely  Mesozoic  and  Kainozoic.  In  the 
Palaeozoic  period  the  sole  known  representatives  of  the  Fiil- 
monifera  are  the  Pupa  vetusta  and  Zoniies  prisais  of  the  Car- 
boniferous rocks. 

Pteropoda. — ^The  Pteropods  are  not  largely  represented  in 
fossiliferouB  deposits,  but  they  have  a  wide  range  in  time,  ex- 
tending from  the  Lower  Silurian  rocks  up  to  the  present  day. 
The  Theca  and  Conularia  of  the  Paifeozoic  period,  if  truly 
Pteropods,  are  of  comparatively  gigantic  size,  and  extend  from 
the  Lower  Silurian  to  the  Carboniferous  period.  The  Silurian 
fossil,  TmtaculUes,  is  asserted  by  M.  Barrande  to  be  a  Ptero- 
pod,  but  it  is  usually  looked  upon  as  a  tubicolous  Annelide. 
The  recent  genus  Hyalea  is  represented  in  the  Tertiary  period 
(Miocene). 

Cephalopoda. — The  Cephalopods  are  largely  represented  in 
all  the  primary  groups  of  stratified  rocks  from  the  Lower  Silu- 
rian up  to  the  present  day.  Of  the  two  orders  of  Cephalopoda, 
Ihs  Teirabranchiata  is  the  oldest,  attaining  its  maximum  in  the 
Palaeozoic  period,  decreasing  in  the  Mesozoic  and  Kainozoic 
epochs,  and  being  represented  at  the  present  day  by  the  single 
form  Nautilus  pompilius.  Of  the  sections  of  diis  order,  the 
Naittilidm  proper  and  the  Ortlwceratida  are  pre-eminently 
Palaeozoic,  and  the  Ammomtidm  are  not  only  pre-eminently 
but  are  almost  exclusively  Secondary.  Of  the  abundance  of 
the  two  former  families  in  the  Silurian  seas  some  idea  may  be 
obtained  when  it  is  mentioned  that  over  a  thousand  species 
have  been  described  by  M.  Barrande  from  the  Silurian  basin 
of  Bohemia  alone.  The  Nautilidm  proper  have  gradually 
decreased  in  numbers  from  the  Palteozoic  through  the  Second- 
ary and  Tertiary  periods  to  the  present  day.  The  Orlhocera/ida 
died  out  much  sooner,  being  exclusively  Pafceozoic,  with  the 
exception  of  the  genera  Orlhoeeras  hstXi  and  Cyrtoceras,  which 
survived  into  the  commencement  of  the  Secondary  period, 
finally  dying  out  in  the  Trias. 

The  second  family  of  the  Tdrahranchiata — viz.,  the  Ammo- 
nitida — is  almost  exclusively  Secondary,  being  very  largely 
represented  by  numerous  species  of  the  genera  Ammonites, 
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Ceratites,  Bactiiita,  Titrrilites,  &c.  The  only  Paleozoic  genera 
are  Goniatita  and  Beutriies,  of  which  the  former  is  found  from 
the  Upper  Silurian  to  the  Trias,  whilst  the  latter  is  a  Devo- 


nian form.  The  genus  CeratUes  is  characteristically  Triassic, 
but  it  is  said  to  occur  in  the  Devonian  rocks.  All  the  remain- 
ing genera  are  exclusively  Secondary,  the  genera  Baculites, 
Turrilites,  Hamites,  and  Plyckoceras  being  confined  to  the  Cre- 
taceous period. 

Of  the  Dibranchiate  Cephalopoda  the  record  is  less  perfect, 
as  they  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondary  rocks,  where  they  are  represented 
by  the  large  and  important  family  of  the  BekmnitidiB.  Some 
of  the  Teulhidce  and  Sepiadm  are  found  both  in  the  Secondary 
and  in  the  Tertiary  rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a 
Dibranchiate  Cephalopod  is  knovm  from  the  PalEsozoic  de- 
posits, and  the  order  attains  its  maximum  at  the  present  day. 
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SUB-KINGDOM  I.— PROTOZOA. 
Class  I.    Gregarinid^. 
Class  II.  Rhizopoda. 

Order  i.  Monera. 
a.  Amcebea. 

3.  Foraminifenii 

4.  Radiolaria, 

5.  S  pong  L  da. 
Class  III.  Ini'Usoria. 

Order  i.  Suctoria. 

2.  Ciliata. 

3.  Flagellata. 
SUB-KINGDOM  11.— CCELENTERATA. 

Class  I.  Hydrozoa. 

Sub-dass  A.  Hydroida. 
Order  r.  Hydrida. 

2.  Coryiiida. 

3.  Sertularida. 

4.  Campanularida. 
Siib-class  B.  Siphonophora. 

Order  5.  Calycophoridte. 

6.  Physophoridse. 
Sub-class  C.  Discophora. 

Order  7.  Medusidai. 
Stdxlass  D.  Lucernarida. 
Order  8.  Lucemariadie. 
9.  Pelagidte. 
10.  Rhizostomidte. 
Suh-dass  E.   GraptolitidtB. 
Class  II.  Actinozoa. 

Order  i.  Zoantharia. 

Sub-order  a.  Z.  Malacodermata. 

b.  Z.  Sclerobasica. 

c.  Z.  Sclerodcrmata, 
Order  2.  Alcyonaria. 

Fara.  a,  Alcyonidee. 

b.  Tubiporidfe. 

c.  Pennatulidse. 

d.  Gorgonid^ 
Order  3.  Rugosa. 

Order  4.  Ctenophora. 
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Sub-order  a.  Stenostomata, 
b.  Eurystomata. 
SUB-KINGDOM  IIL  — ANNULOIDA, 
Class  I.  Echinodermata, 
Order  i.  Cj^toidea. 
z.  Blastoidea, 

3.  Crinoidea. 

4.  Echinoidea. 

5.  Asteroidea, 

6.  Ophiuroidea. 

7.  Holothuroidea. 

ClASS  II.   SCOLECIDA. 

Division  A.  Platyelmia. 
Order  i.  Tfeniada, 

2,  Trematoda. 

3.  Turbellaria. 
Sub-order  a.  Planaridrt. 

b.  Nemertida. 
Division  B.  Nematelmia. 
Order  4.  Acanthocephala. 

5.  Gordiacea. 

6.  Nematoda. 
Division  C.  RoHfera. 

Order.  Rotifera, 
SUB-KINGDOM  IV.— ANNULCSA. 
Division  A.  Anarthropoda. 
Class  I.    Gephvrea, 
Class  II.  Annelida. 

Order  ,.  Hiradine.     Kb„„chkta. 

2.  OligochEeta  j 

3.  Tnbicola       iBBnchuta. 

4.  Errantia        ) 
Class  111.  Ch-etognatha. 

Division  B.  Arthropoda  or  Articulata. 
Class  I.  Crustacea. 
Sub-dass  I.  Mpizoa. 

Order  i.  Ichthyophthira. 
2.  Rhizocephala. 
Eub-ciass  II.  Cirripedia, 

iBalanid». 
Vernicida 


4.  Abdominaiia. 

5.  Apoda. 


(  Lepadidai. 
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Division  A. 
Edriophthalmata. 

Division  B, 
Podoph  thalmata. 
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Sub-class  in,  Entomostrata. 

Order  6.  Ostracoda     )  t      ■      t      i,  j 

7.  Copepoda    )  L^S"^''  Lophyropoda. 

8.  Cladocera    j 

9.  Phyllopoda  >  Legion  Branchiopoda. 

10.  Trilobita      J 

11.  Merostomata. 
Sub-order  a.  Xiphostira, 

h.  Eurypterida. 
Suh-dass  IV.  Malacosiraca. 
Order  12.  Lsemodipodal 

13.  Isopoda  \ 

14.  Ampliipoda    j 

15.  Stomapoda  I 
16  Decapoda  j 
Tnbe  a    Macrura. 

b   Anomura. 
c   Braciiyurai. 
Class  II,  Arachnii  k 

Division  A    Traihearia 
Order  i    Podo^omata. 

2  Acarma 

3  Adclarthrosomata. 
Division  B    Ptilmonatta 

Order  4.  PedipalpL 
5    Araneida. 
Class  III.  M\rupoda 

Order  i    Cliilopoda. 

2  Cliilcgnatha. 

3  Piiuropoda. 
Class  IV.  Insecta 

Sub-class  I  Amdabola 

Order  1  Anoplura. 

2  Mallophaga. 

3  Tiijsanura 

Sub-class  11    Hemtmddbola. 
Order  4.  Hemiptera. 

5  Orthoptera. 

6  Neuroptera. 
Suh-dass  III    Holomdabola. 

Order  7   Aphaniptera 
8    Diptcra, 
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9.  Lepidoptera. 

10,  Hymen  optera. 

11,  Strepsiptera. 

12,  Cokoptera, 

SUE-KINGDOM  v.— MOLLUSCA. 
Division  A.  Molluscoida. 
Class  I,  Polyzoa. 

Order  i.  Phylactotemata. 
2.  Gymnolaemata, 
Class  II.  Tunkata. 

Order  i.  Ascidia  branchialia, 

2.  Ascidia  abdominalia. 

3,  Ascidia  larvalia. 
Class  III.  Brachiopoda. 

Order  i,  Articulata. 
2.  InarticulabL 

Division  B.  Mollusca  Proper. 

Class  IV.  Lamellibranchiat<h 

Section  a.  Asiphonida, 
b.  Siphon  ida. 
Class  V.  Gasteropoda. 
Sub-class  I.  Branchifera. 
Order  i.  Prosobranchiata. 

Section  a.  SiphonostomatS. 
b.  Holostomata. 
Order  t.  Opisthobranchiata. 

Section  a.  Tectibranchiata. 
b.  Nudibranchiata. 
Order  3.  Nucleobranchiata  (Heteropoda) 
Fam.  a.  Firolidfe. 
b.  AtlantidEe. 
Sub-class  II.  Pulmonifera. 

Section  a.  Inoperculata. 
b.  Operculata, 
ClassNl.  Pla-opda. 

Order  i.  Thecosomata. 
2.  Gymnosomata, 
Class  VII.    Cephalopoda. 

Order  i.  Tetrabranchiabl, 
i.  Dibranchiata. 
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CHAPTER    Lin, 


The  live  sub-kingdoms  which  we  have  previously  considered— 
viz.,  the  Protozoa,  Cxlmterata,  Aimuioida,  Annulosa,  and  Mol- 
lusca—viGxt  grouped  together  by  the  French  naturalist  Lamarck 
to  form  one  great  division,  which  he  termed  Invertebrata,  the 
remaining  members  of  the  animal  kingdom  constituting  the 
division  Vertebrata.  The  division  Verubrata,  though  includ- 
ing only  a  single  sub-kingdom,  is  so  compact  and  well-marked 
a  division,  and  its  distinctive  characters  are  so  numerous  and 
so  important,  that  tliis  mode  of  looking  at  the  animal  kingdom 
is,  at  any  rate,  a  very  convenient  one. 

The  sub-kingdom  Vertebrata  may  be  shortly  defined  as  com- 
prising animals  in  which  the  body  is  compost  of  a  number  of 
definite  segments,  arranged  along  a  longitudinal  axis;  the  nervous 
system  is  in  its  main  'masses  dorsal,  and  the  neural  and  kmmal 
regions  of  the  body  are  always  completely  shut  off  from  one  an- 
other by  a  partition ;  the  limbs  are  never  more  than  four  in 
number,  and  are  always  turned  away  from  the  neural  aspect  of 
the  body;  mostly  there  is  the  bony  axis  kmiun  as  the  "  spine"  or 
"  vertebral  column,"  and  in  all  tlie  structure  knoian  as  the  "  fwto- 
chord"  is  present— in  the  embryo,  at  any  rate.  These  charac- 
ters distinguish  the  Vertebrata,  as  a  whole,  from  the  Invertc- 
brata;  but  it  is  necessary  to  define  these  broad  differences 
more  minutely,  and  to  consider  others  which  are  of  little  less 
importance. 

One  of  the  most  obvious,  as  it  is  one  of  the  most  funda- 
mental, of  the  distinctive  characters  of  Vertebrates,  is  to  be 
found  in  the  shutting  off  of  the  main  masses  of  the  nervous 
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system  from  the  general  cavity  of  the  body.  In  all  hwerte- 
brate  animals,  without  exception,  the  body  {fig.  123,  A)  raay 
be  regarded  as  a  single  tube,  enclosing  all  the  viscera ;  and 
consequently,  in  this  case,  the  nervous  system  is  contained 
within  the  general  cavity  of  the  body,  and  is  not  in  any  way 
shut  off  from  the  alimentary  canal.  The  transverse  section, 
however,  of  a  f^wfeSm^e  animal  exhibits  two  tubes  {fig.  123,  E), 
one  of  which  contains  the  great  masses  of  the  nervous  system 
— that  is,  the  cerebro-spinal  axis,  or  brain  and  spinal  cord 
— whilst  the  other  contains  the  alimentary  canal  and  the  chief 
circulatory  organs,  together  with  certain  portions  of  the  ner- 
vous system,  kno%vn  as  the  "ganglionic"  or  "sympathetic" 
system.  Leaving  the  cerebro-spina!  centres  out  of  sight  for  a 
moment,  we  see  that  the  lai^er  or  visceral  tube  of  a  Vertebrate 
animal  contains  the  digestive  canal,  the  hiemal  systeni,  and  a 


nt.  113-— A,  Tiansve.w  Kdion  nf  ilic  body  of  one  of  ihe  ^x^a  Imirlehmta ;  ^ 
Body-wall,;  *  Alinienlary  canal ;  c  Hicwai  syilcm  ;  «  Nemus  syslcm,     B,  Trans- 

™ni^;S"Noi«Wd."'    ^'"'^    etBsyHtmo  nerves,         e«  to-sp       system 

gangliated  nervous  system.  Now  this  is  exactly  what  is  con- 
tained in  the  visceral  cavity  of  any  of  tlie  higher  Invertebrate 
animals ;  and  it  follows  from  this,  as  pointed  out  by  Von  Baer, 
that  it  is  the  sympathetic  nervous  system  of  Vertebrates  which 
is  truly  comparable  to,  and  homologous  with,  the  nervous  sys- 
tem of  Invertebrates.  The  cerebro-spinal  nervous  centres  of 
the  Vertebrata  are  to  be  regarded  as  something  superadded, 
and  not  represented  at  all  amongst  the  Jnvertebraia. 

The  tube  containing  the  cerebro-spinal  centres  is  formed  as 
follows : — At  an  early  period  in  the  development  of  the  em- 
bryo of  any  Vertebrate  animal,  the  portion  of  the  ovum  in 
which  development  is  going  on — the  "germinal  area" — -be- 
comes elevated  into  two  parallel  ridges,  one  on  each  side  of 
the  middle  line;  enclosing  between  them  a  long  groove,  which 
is  known  as  the  "primitive groove"  (fig.  124,  A,  B).  The  ridges 
which  bound  the  primitive  groove  are  known  as  the  "  laminse 
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dorsales ;"  and  they  become  more  and  more  raised  up,  till  tbey 
uUimately  meet  in  the  middle  line,  and  unite  to  form  a  tube, 
within  which  the  cerebro-splnal  nervous  centres  are  developed. 
It  follows  from  Its  mode  of  formation  that  the  inner  wall  of  the 
tube  formed  by  the  primitive  groove,  which  remains  as  the 
septum  between  the  cerebrospinal  canal  and  the  body<avity, 
is  nothing  more  than  a  portion  of  the  primitive  wall  of  the  body 
of  the  embryo.  And  there  appears  to  be  little  doubt,  as  be- 
lieved by  Remak  and  Huxley,  that  the  cerebro-spinal  nervous 
centres  are  "  the  result  of  a  modification  of  that  serous  layer 
of  the  germ,  which  is  continuous  elsewhere  widi  the  epidermis'" 
(Huxley). 


Portion  of  the  KiminsI  ITca  of  the  otuh 
of  a  Bitch,  showing  the  primitive  groove  (alter  Bischoft.  B,  Profile  view  of  the 
same.  C,  Digram  representme  ttie  amDion  and  allantoLs:  e  Embryo;  a  Am- 
nion; «  Umbilical  vesicle;  iflSamoia;/ Pedicle  of  the  aliantois,  afterwards  the 

Another  remarkable  peculiarity  as  regards  the  nervous  sys- 
tem is  found  in  the  fact  that  in  no  Vertebrate  animal  does  die 
alimentary  canal  pierce  the  main  masses  of  the  nervous  system, 
but  turns  away  to  open  on  tJie  opposite  side  of  the  body.  In 
most  Invertebrates,  on  the  other  hand,  in  which  there  is  a 
well-developed  nervous  system,  this  is  perforated  by  the  giiUet, 
so  that  an  oesophageal  nerve-collar  is  formed,  and  some  of  the 
nervous  centres  become  prse-cesophageal,  whilst  others  are 
post-cesophageal. 

Furthermore,  the  floor  of  the  "  primitive  groove "  in  the 
embryo  of  all  Vertebrates  has  developed  in  it  at  an  early 
period  the  structure  known  as  the  "notochord"  or"chorda 
dorsalis"  (fig.  123,  B,  ch).  This  structure,  doubtfully  present 
m  any  Invertebrate,  is  a  semi-gelatinous  or  cartilaginous  col- 
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lection  of  cells,  forming  a  rod-like  axis,  which  tapers  at  both 
ends,  and  ettends,  along  the  floor  of  the  ccrebro-spinal  canal, 
supporting  the  cerebrospinal  nervous  centres.  In  some  Ver- 
tebrates, such  as  the  Lancekt  {Amphioxus),  the  notochord  is 
persistent  throughout  life.  In  the  majority  of  cases,  however, 
the  notochord  is  leplaced  before  maturity  by  the  structure 
known  as  the  "  vertebral  column "  or  "  backbone,"  from 
wh  ch  the  sub  kingdom  Vertebrata  originally  derived  its  name. 
Th  s  IS  not  the  place  for  an  anatomical  description  of  the 
spmal  column,  and  it  is  sufficient  to  state  here  that  it  is  essen- 
tially composed  of  a  series  of  cartilaginous,  or  more  or  less 
cjmpletely  ossihed  segments  or  vertebra,  arranged  so  as  to  form 
a  longitudmil  axis  which  protects  the  great  masses  of  the 
ner\ous  systtm  It  is  to  be  remembered,  however,  that  all 
Vertebrate  ammals  do  not  possess  a  vertebral  column.  They 
all  possess  a  notochord;  but  this  may  be  persistent,  and  in 
many  cases  the  development  of  the  spinal  column  is  extremely 
imperfect. 

Another  embryonic  structure  which  is  characteristic  of  all 
Vertebrates,  is  found  in  the  so-called  "viscera!  arches"  and 
"clefts"  (fig.  124,  D).  The  "visceral  arches"  are  a  series  of  par- 
allel ridges  running  transversely  to  the  axis  of  the  body,  situ- 
ated at  the  sides  of,  and  posterior  to,  the  mouth.  As  develop- 
ment proceeds,  the  intervals  betiveen  these  ridges  become 
grooved  by  depressions  which  gradually  deepen,  until  they 
become  converted  into  a  series  of  openings  or  "  clefts,"  where- 
by a  free  communication  is  established  between  the  upper  part 
of  the  alimentary  canal  (pharynx)  and  the  external  medium. 

The  limbs  of  Vertebrate  animals  are  always  articulated  to 
the  body,  and  they  are  always  turned  away  from  the  neural 
aspect  of  the  body.  They  m'ay  be  altogether  wanting,  or  they 
may  be  partially  undeveloped ;  but  there  are  never  more  than 
two  pairs,  and  they  always  have  an  internal  skeleton  for  the 
attachment  of  the  muscles  of  the  limb. 

A  specialised  blood- vascular  or  "  htemal "  system  is  present 
in  all  the  Vertebrata,  and  in  all  except  one — the  Amphioxus — 
there  is  a  contracrile  cavity  or  heart,  which  never  consists  of 
less  than  two  chambers  provided  with  valvular  apertures.  In 
all  the  Vertebrata  the  heart  is  essentially  a  respiratory  heart — 
that  is  to  say,  it  is  concerned  with  driving  the  impure  or  venous 
blood  to  the  breathing-organs  ;  and  in  its  simplest  form  (fishes) 
it  is  nothing  more  than  this.  In  the  higher  Vertebrates,  how- 
ever, there  is  superadded  to  this  a  pair  of  cavities  which  are 
concerned  in  driving  the  pure  or  arterial  blood  to  the  body. 
In  the  case  of  the  Mammals,  these  two  circulations  are  often 
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spoken  of  as  the  "  lesser  "  or  "  pulmonary  "  circQlatiQii,  and  the 
"  greater  "  or  "  systemic  "  circulation. 

In  all  Vertebrates  there  is  that  peculiar  modification  of  the 
venous  system  which  is  known  as  the  "  hepatic  portal  system." 
That  is  to  say,  a  portion  of  the  blood  which  is  sent  to  the  ali- 
mentary canal,  instead  of  returning  to  the  heart  by  the  ordinary 
veins,  is  carried  to  the  hver  by  a  special  vessel— the  vena 
forta — which  ramifies  through  this  organ  after  the  manner  of 
an  artery. 

In  all  Vertebrates,  also,  is  found  the  peculiar  system  of  ves- 
sels known  as  the  "lacteal  system."  This  is  to  be  regarded 
as  an  appendage  of  the  veno\is  system  of  blood-vessels,  and 
consists  of  a  series  of  vessels  which  take  up  the  products  of 
digestion  from  the  aJimentary  canal,  elaborate  them,  and  finally 
empty  their  contents  into  the  veins. 

Lastly,  the  masticatory  organs  of  Vertebrates  are  modified 
portions  of  the  walls  of  the  head,  and  never  "  hard  productions 
of  the  alimentary  mucous  membrane  or  modified  limbs"  (Hux- 
ley), as  they  are  amongst  the  Invertebrata, 

The  above  are  the  leading  characters  of  the  Veriebrata  as  a 
whole ;  but  before  going  on  to  consider  the  primary  divisions 
of  the  sub-kingdom,  it  may  be  as  well  to  give  a  very  brief  and 
genera!  description  of  the  anatomy  of  the  higher  and  more 
typical  Vertebrates,  commencing  with  their  bony  framework  or 
skeleton. 

The  skeleton  of  the  Veriebrata  may  be  regarded  as  consisting 
essentially  of  the  bones  which  go  to  form  the  head  and  trunk 
on  the  one  hand  (sometimes  called  the  "axial"  skeleton),  and 
of  those  which  form  the  supports  for  the  limbs  ("  appendicular" 
skeleton)  cm  the  other  hand.  The  bones  of  the  head  and 
trunk  may  be  looked  upon  as  essentially  composed  of  a  series 
of  bony  rings  or  segments,  arranged  longitudinally,  one  behind 
the  other.  Anteriorly  these  segments  are  much  expanded,  and 
likewise  much  modified,  to  form  the  bony  case  which  encloses 
the  brain,  and  which  is  termed  the  cranium  or  skull.  Behind 
the  head  the  segments  enclose  a  much  smaller  cavity,  which  is 
"  called  the  "  neural "  or  spinal  canal,  as  it  encloses  the  spinal 
cord ;  and  they  are  arranged  one  behind  the  other,  forming 
the  vertebral  column.  The  segments  which  form  the  vertebral 
column  are  called  "  vertebrie,"  and  they  have  the  following 
general  structure: — Each  vertebra  (fig.  lag.  A)  consists  oi  a 
central  piece,  which  is  the  fundamental  and  essential  element 
of  the  vertebra,  and  is  known  as  the  "body"  or  "  centrum"  (;:). 
From  the  upper  or  posterior  surface  of  the  centmm  spring  two 
bony  arches  («  «),  which  are  called  the  "  neural  arches  "  or 
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"  neurapophyses"  because  they  form  with  the  body  a  canal — 
the  "  neural  canal " — which  encloses  the  spinal  cord.  From 
the  point  where  the  neural  arches  meet  behind,  there  is  usually 
developed  a  longer  or  shorter  spine,  which  is  termed  the  "  spi- 
nous process "  or  "  neural  spine  "  (s).  From  the  neural  arches 
there  are  also  developed  in  the  typical  vertebra  two  processes 
(a  a),  which  are  known  as  tlie  "articular"  processes,  or  "  zyga- 
pophyses."  The  vertebrae  axe  united  to  one  another  partly  by 
these,  but  to  a  greater  extent  by  the  bodies  or  "  centra."  From 
die  sides  of  the  vertebral  body,  at  the  point  of  junction  with 
the  neural  arches,  there  proceed  two  lateral  processes  {//  d), 
which  are  known  as  the  "  transverse  processes."    (In  the  typical 


(After  Owen.) 


vertebra  the  transverse  processes' consist  each  of  two  pieces,  an 
anterior  piece  or  '  parapophysis,"  and  a  posterior  piece  or 
"diapoph)sis  These  elements  form  the  vertebra  of  the 
human  anatomist  but  the  "vertebra"  of  the  transcendental _ 
anatomist  is  completed  by  a  second  arch  which  is  placed  be-' 
neath  the  bodv  of  the  vertebra,  and  which  is  called  the  "  hte- 
mal  irch  as  it  includes  and  protects  the  main  organs  of  the 
cir(,ulation  Ihis  second  arch  is  often  only  recognisable  with 
great  difficulty,  as  its  parts  are  generally  much  modified,  bufa 
good  example  may  be  obtained  in  the  human  chest,  or  in  the 
caudal  vertebra  of  a  bony  fish. 

The  hiemal  arch  in  the  case  of  the  human  thorax  (fig.  125, 
B)  is  formed  bv  the  ribs  {r  r)  and  the  costal  cartilages  (pp). 
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and  is  completed  in  front  by  tlie  breast-bone  or  sternum  {b), 
which  ill  some  cases— but  not  in  man — develops  a  spine  (the 
luemal  spine)  which  corresponds  to  the  neural  spine  on  the 
opposite  aspect  of  the  vertebra. 

It  follows  from  the  above,  that  the  typical  vertebra  consists 
of  a  central  piece  or  body  from  which  two  arches  are  given  off, 
one  of  which  protects  the  great  masses  of  the  nervous  system, 
and  is  therefore  said  to  be  "neural;"  whilst  the  other  pro- 
tects the  main  organs  of  the  circulation,  and  is  therefore  said 
to  be   "hEemal."     The  conespondence  of  the  typical   bony 


segment  or  vertebra  with  the  doubly  tubular  structure  of  the 
body  in  all  Vertebrates  is  tlius  too  obvio\is  to  require  to  be 
specially  pointed  out. 

As  a  general  rule,  the  vertebral  column  is  divisible  into  a 
number  of  distinct  regions,  of  which  the  following  are  recog- 
nisable in  man  and  in  the  higher  Vertebraia:^-j.  A  series  of 
vertebrae  which  compose  the  neck,  and  constitute  the  "  cervical 
region"  of  the  spine  (fig.  126,  c).  2.  A  number  of  vertebrse 
which  usually  carry  well-developed  ribs,  and  form  the  "  dorsal 
region "  (</).  3.  A  series  of  vertebra  which  form  the  region 
of  the  loins,  or  "lumbar  region"  {b).     4.  A  greater  or  les^ 
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number  of  vertebrte  which' cpnstitute  the  "sacral  region,"  and 
are  usually  amalgan  ated  or  "anchjlosed"  together  to  form  a 
s  ngle  bone  the  lacrum  {  )  5  The  sp  noi  colunm  is 
completed  bya^irnt  t  number  of  lertebrK  which  canstitute 
the     caudal    re^  o     or  tail  {i) 

As  regirds  the  j-/  //  of  the  lertebtili  it  his  been  tho  ^,1 1 
advisable  not  to  enter  into  an)  general  dcta  Is  here  partly 
because  the  subject  is  one  nhch  cai  only  be  properly  dis- 
cussed in  a  work  sptcially  devoted  to  Human  or  Co  nparitive 
4natom\  and  j  artly  because  there  is  still  much  diversity  of 
opinion  as  t  tl  e  exict  coiipositi  n  ot  the  skull  There  is 
however  a  very  generii  concurrence  ot  opinion  thit  the  skull 
IS  composed  of  a  number  of  sepante  sei,menta  ind  this  is  1 
point  which  It  Is  important  to  remember  Bj  Owen  and  b> 
many  other  competent  authorities  these  cnniil  segments  are 
looked  upon  as  being  nothing  more  than  so  many  ttrtdra 
the  neural  canals  of  which  are  greatly  expanded  to  enclose 
the  1  Min  whilst  the  hfema!  arches  are  very  greatlj  modified  to 
Serve  d  ftertnt  purposes  This  view  is  not  accepted  by  Hu\ 
ley,  bui  the  general  fact  that  the  skull  is  composed  of  separate 
segments  appears  to  be  universally  admitted.  The  only  portion 
of  the  bony  framework  of  the  head  which  it  is  absolutely 
essential  to  understand,  is  the  lower  jaw  or  "mandible."  The 
lower  jaw  is  sometimes  wanting,  but  when  present,  it  consists 
in  ail  Vertebrata  of  two  halves  or  "  rami,"  which  are  united  to 
one  another  in  front,  and  articulate  separately  with  the  skull 
behind.  In  many  cases,  each  half,  or  "ramus,"  of  the  lower 
jaw  consists  of  several  pieces  united  to  one  another  by  sutures ; 
but  in  the  Mammalia  each  ramus  consists  of  no  more  than  a 
single  piece.  The  two  rami  are  very  variously  connected  with 
one  another,  being  sometimes  only  joined  by  ligaments  and 
muscles,  sometimes  united  by  cartilage  or  by  bony  suture,  and 
sometimes  fused  or  anchylosed  with  one  another,  so  as  to  leave 
no  evidence  of  their  true  composition.  The  mode  by  which 
each  ramus  of  the  lower  jaw  articulates  with  the  skull  also 
varies.  In  the  Mammalia  the  lower  jaw  articulates  with  a 
cavity  formed  on  what  is  known  to  human  anatomists  as  the 
temporal  bonej  but  in  Birds  and  Reptiles  the  lower  jaw 
articulates  with  the  skull,  not  directly,  but  by  the  intervention 
of  a  special  bone,  known  as  the  "  quadrate  bone  "  or  "  os  qitad- 
raium. 

As  regards  the  limbs  of  Vertebrates,  whilst  many  differences 
exist,  which  will  be  afterwards  noticed,  there  is  a  general 
agreement  in  the  parts  of  which  they  are  composed.  As  a 
rule,  each  pair  of  limbs  is  joined  to  the  tnink  by  means  of  a 
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series  of  bones  which  also  correspond  to  one  another  in  general 
structure.  The  fore-limbs,  often  called  the  "  pectoral "  limbs, 
are  united  with  the  trunk  by  means  of  a  bony  arch,  which  is 
called  the  "pectoral"  or  "scapular"  arch;  whilst  the  hind- 
limbs  are  similarly  connected  with  the  trunk  by  means  of  the 
"pelvic  arch."  In  giving  a  general  description  of  the  parts 
which  compose  the  limbs  and  their  supporting  arches,  it  will 
be  best  to  take  the  case  of  a  Mammal,  and  the  departures 
from  this  type  will  then  be  readily  recognised. 

The  pectoral  or  scapular  arch  consists  usually  of  three 
bones,  the  "scapula"  or  shoulder-blade,  the  "coracoid,"  and 
the  "  clavicle  "  or  collar-bone ;  but  in 
the  great  majority  of  the  Mammals,  the 
coracoid  is  anchylosed  with  the  scap- 
ula, of  which  it  forms  a  mere  process. 
The  scapulaor  shoulder-blade  (fig.  1 2  7 ,  j) 
is  usually  placed  outside  the  ribs,  and 
it  forms,  either  alone  or  in  conjunction 
with  the  other  bones  of  the  shoulder- 
girdl«,  the  cavity  with  which  the  upper 
arm  is  articulated.  The  coracoid, 
though  rarely  existing  as  a  distinct  bone 
in  the  Mammals,  piays  a  very  important 
part  in  other  Vertebrates,  as  we  shall 
see  hereafter.  The  clavicles  are  often  '' 
wanting,  or  rudimentary,  and  they  are 
the  least  essential  elements  of  the 
scapular  arch.  The  fore-limb  proper 
consists,  firstly,  of  a  single  bone  which 
forms  the  upper  arm,  and  which  is 
known  as  the  humerus  (A).  This  arti- 
culates above  with  the  shoulder-girdle, 
and  is  followed  below  by  the  fore-arm,  j 
which  consists  of  two  bones,  called  the 
radius  and  tilna.  (Jf  these  the  radius 
is  chiefly  concerned  with  carrying  the 
hand.  The  radius  and  ulna  are  fol-  fi 
lowed  by  the  bones  of  the  wrist,  which 
are  usually  composed  of  several  bones, 
and  constitute  what  is  called  the  carpus 
(1/).  These  support  the  bones  of  the 
root  of  the  hand,  which  vary  in 
number,  but  are  always  more  or  less 
cylindrical  in  shape.  The.}  constitute  i\ 
mctatrarpus.     The  bones  of  tht   meficirj  i 
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which  also  vary  in  Bumber,  but  are  composed  each  of  from 
two  to  three  cylindrical  bones,  which  are  known  as  the 
phalanges  {p). 

Homologous  parts  are,  as  a  rule,  readily  recognisable  in  the 
hind-l!rab.     The  pelvic  arch,  by  which  the  hind-limb  is  united 
with  the  trunk,  consists  of  three  pieces — the 
ilittm,  ischium,  and  pubes — which  are  usually 
anchylosed  together,  and  form  conjointly  what 
is  known  as  the  innominaie  bone  (fig.    128,  i). 
In  most  Mammals,  the_  two  innominate  bones 
unite  in  front  by  a  ligamentous  or  cartilaginous 
union,  and  they  constitute,  with  the  sacrum,  what 
is  known  as  the  pelvis.     The  hind-limb  proper 
consists  of  the  following  parts:-— i.  The  thigh- 
bone OT  femur,  corresponding  with  the  humerus 
in  the  fore-limb.     2.  The  bones  of  the  shank, 
corresponding  with  the  radius  and  ulna  of  the 
fore-limb,  and  known  as  the  tibia  and  fibu/a. 
Of  these,  the  tibia  is  mainly  or  altogether  con- 
cerned in  carrying  the  foot,  and  it  is  .thus 
■t   shown  to  correspond  to  the  radius,  whilst  the 
fibula  corresponds  to  the  ulna.     3.  The  small 
bones  of  the  ankle,  known  as  the  tarsus,  and 
varying  in  number  in  different  cases.      4.   A 
variable  number  of  cylindrical  bones  (normally 
five),  which  are  called  the  metatarsus,  and  which 
correspond  to  the  metacarpus.     5.  Lastlj',  the 
metatarsus  carries  the  digits,  which  consist  of 
from  two  to  three  small  bones  or  phalanges,  as 
Fig,  laa.— Pelvic  in  the  forc-limb. 
rf^'cS^nMri       '^^^  digestive  system  of  Vertebrates  will   be 
(after  Owen),    i  spoken  of  at  greater  length  hereafter ;  but  a 
/Fe'JISiro?tWg£  brief  sketch  may  be  given  here  of  the  general 
Kbu^'rT^ii/  plifinomena  of  digestion.     All  Vertebrate  ani- 
J  Memilirs^"/  mals  are  provided  with  a  mouth  for  the  re- 
i«t'™*"  "^  ""^  ception  of  food,  and  in  the  great  majority  of 
cases  the  mouth  is  furnished  with  teeth,  which 
are  used  sometimes  merely  to  hold  the  prey,  but  more  com- 
monly to  cut  and  bruise  the  food,  and  thus  render  it  capable 
of  digestion.      The  food  is  also  generally  subjected  in  the 
mouth  to  the  action  of  "  salivary  "  glands,  the  secretion  of 
which  serves  not  only  to  moisten   the  food,  and  thus   me- 
chanically assist  deglutition,  but  also  to  render  soluble  the 
starchy  elements  of  the  food.     The  food  is  next  swallowed,  or, 
in  other  words,  is  transferred  from  the  mouth  to  tlie  stomach, 
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this  being  effected  by  a  complicated  arrangement  of  muscles, 
whereby  the  food  is  forced  down  the  gullet  {<esophagus)  to  the 
proper  digestive  cavity  or  stomach.  In  the  stomach  (fig.  1 39,  s) 
the  food  is  subjected  to  two  sets  of  actions;  it  is  mechanically 
tritutBted  and  ground  down  by  the  constant  contractions  of 
the  muscular  walls  of  the  stotoach ;  and  it  is  subjected  to  the 
chemical  action  of  a  special  fiiiid  secreted  by  the  stomach, 
and  called  the  "  gastric  juice."  This  fluid  has  the  power  of 
reducing  albuminoid  substances  to  a  soluble  form,  and  by  its 
action  the  food  is  ultimately  reduced  to  a  thick  acid  fluid, 
called  the  "chyme,"  Leaving  the  stomach  by  its  lower 
aperture  (the  pylorus),  the  chyme 
the  first  portion  of  which  is  divided  into  several  s 
is  collectively  known  as  the  "  small 
intestine."  Here  the  chyme  is  sub- 
jected to  the  action  of  three  other 
digestive  fluids ;  the  btU,  secreted 
by  a  special  organ,  the  liver ;  the 
pancreatic  Juke,  secreted  by  another 
gland,  the  pancreas ;  and  the  intes- 
tinal Juice,  secreted  by  certain  glands 
situated  in  the  mucous  membrane  of 
the  intestine  itself.  The  result  of  the  ^ 
whole  process  is  that  the  "chyme"  '' 
IS  ultittiately  converted  into  a  white, 

alkalme,  milky  fluid,  which  is  called 

"  chyle  "     '1  he  indigestible  portions 

of  the  food  pass  from  the  small  in 

testine  into  a  tube  of  laiger  dimen 

sions,  called  the  "large  intestme 

Such   portions  of  the  food  as    irf- 

still  soluble,  and  capable  of  bei  if,' 

employed    in    nutrition,    are     heri. 

taken  up  mto  the  blood,  the  use 

less  remamder  being  ultimately  ex 

peiled  by  an   anal   aperture      The 

last  portion  of  the  loi^e  intestine  is  _ 

usually  lesi  convoluted  than  the  rest,     '%itm  <,f  if™mZA.  'f  'i^et"; 

and  IS  called  the  "  rectum,"  Jm'n^'inKiifn'iS^'f'R"™m' 

The  fluid  and  originally  soluble     lermin^og  in  the'apeitm*  <i 

portions  of  the  food,  and  the  chyle  *""*■ 

which  is  formed  in  the  process  of  digestion,  are  taken  into  the 

blood,  the  losses  of  which  they  serve  to  repair.     Part  of  the 

nutritive  materials  of  the  food  is  taken  up  directly  by  the 

blood-vessels,  and  is  conveyed  by  the  "vena  portfe"  to  tb^' 
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liver,  whence  it  ultimately  reaches  the  great  veins  which  go  to 
the  heajt.  The  greater  part,  however,  of  the  liquefied  food, 
constituting  the  chyle,  is  taken  up,  not  by  the  blood-vessels, 
but  by  a  special  set  of  tubes,  which  form  a  network  in  the 
walls  of  the  intestine,  and  are  known  as  the  "  lacteals."  In 
these  vessels,  and  in  certain  glands  which  are  developed  upon 
them,  the  chyle  undergoes  still  further  elaboration,  and  is  made 
more  similar  in  composition  to  the  blood  itself  AH  tlie  lacteal 
vessels  ultimately  unite  into  one  or  more  large  vessels  which 
open  into  one  of  the  veins,  so  that  all  the  chyle  is  thus  finally 
added  to  the  mass  of  the  circulating  blood. 

The  blood,  then,  or  nutrient  fluid  from  which  the  tissues  are 
built  up,  is  formed  in  this  way  out  of  the  materials  which  are 
taken  into  the  alimentary  canal  as  food.  In  all  the  Vertebrata, 
with  the  single  exception  of  the  Lancelet  {Amphinxus),  the 
blood  is  of  a  red  colour  when  viewed  in  mass.     This  is  due  to 


the  presence  in  it  of  an  incredible  number  of  microscopical 
bodies,  which  are  known  as  the  "blood-corpuscles,"  the  fluid 
in  which  these  float  being  itself  colourless  (fig.  130). 

In  all  the  Vertebrata  the  blood  is  distributed  through  the 
body  by  means  of  a  system  of  closed  tubes,  which  constitute 
the  "  blood-vessels ; "  and  in  all  except  the  Lancelet,  the  means 
of  propulsion  are  derived  from  a  contractile  muscular  cavity 
or  "heart,"  furnished  with  valvular  apertures.  In  the  most 
complete  form  of  circulation,  as  seen  in  Birds  and  Mammals, 
the  heart  is  essentially  a.  double  organ,  composed  of  two 
halves,  each  of  which  consists  of  two  cavities,  an  auricle  and 
a  ventricle.  The  right  side  of  the  heart  is  wholly  concerned 
with  the  "lesser"  or  pulmonary  circulation,  whilst  the  left 
side  is  concerned  with  driving  the  blood  to  all  parts  of  the 
body  (systemic  cirailation).  The  modilicationsof  the  circulat- 
ory process  will  be  noticed  in  speaking  of  the  different  classes  of 
Vertebrates,  but  a  brief  sketch  may  be  given  here  of  the  circu- 
lation in  its  most  complete  form,  as  in  a  MammaL  In  such  a 
case,  the  venous  or  impure  blood,  which  has  circulated  through 
the  body  and  has  parted  with  its  oxygen,  is  returned  by  the  greal 
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veins-to  the  right  auricle.  From  the  right  auricle  (fig.  131,  a)  the 
blood  passes  by  a  valvular  aperture  into  the  right  ventricle  (?'), 
whence  it  is  driven  through  the  pulmonary  artery  to  the  lungs. 
The  right  side  of  the  heart  is  therefore  wholly  respiratory  in  its 
function.  Having  been  submitted  to 
the  action  of  the  lungs,  and  having 
given  off  carbonic  acid  and  taken  up 
oxygen,  the  blood  now  becomes  arte- 
rial, and  is  returned  by  the  pulmonary 
veins  to  the  left  auricle  {a').  From 
the  left  auricle  the  aerated  blood  passes 
through  a  valvular  aperture'  into  the 
left  ventricle  (v'),  whence  it  is  pro- 
pelled to  al!  parts  of  the  body  by 
means  of  a  great  systemic  vessel,  the 
"  aorta."  The  left  side  of  the  heart  is 
therefore  wholly  occupied  in  carrying  ' 
out  the  "greater"  or  systemic  circula- 
tion. 

The  purification  of  the  blood  is  car- 
ried out  in  ail  Vertebrates  by  means 
-  of  distinct  respiratory  organs,  assisted 
to  a  greater  or  less  extent  by  the  skin. 
In  the  Fishes,  and  in  the  Amphibians 
to  some  extent,  tlie  process  of  respira-  ^ 
rion  is  carried  on  by  means  of  Sran- 
chice  or  gills^ — that  is,  by  organs  adapted 
for  breathing  air  dissolved  in  water. 
These  are,  therefore,  often  spoken  of 
as  "  Branchiate  "  Vertebrates  ;  but  the 
Amphibians  always  develop  true  lungs 
in  the  later  stages  of  their  existence. 
In  the  Reptiles,  Birds,  and  Mammals, 
branchiae  are  never  developed,  and  tlie  wt!"^  venous  biood  10  .he 
respiration    is    always   carried    on   by 

means  of  true  lungs — that  is,  by  organs  adapted  for  breathing 
air  directly.  These  are  therefore  often  spoken  of  as  the  "  Ab- 
ranchiate" Vertebrates. 

The  waste  substances  of  the  body — of  wJiich  the  most  im- 
portant are  water,  carbonic  acid,  and  urea— are  got  rid  of  by 
the  skin,  lungs,  and  kidneys.  Under  ordinary  circumstances, 
the  lungs  are  mainly  occupied  with  tJie  excretion  of  carbonic 
acid  and  watery  vapour.  The  skin  chiefly  gets  rid  of  super- 
fluous moisture,  but  can  a!so  in  many  animals  excrete  carbonic 
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acid  as  well.  The  kidneys  are  present  in  almost  all  Vertebrate 
animals,  and  their  function  is  mainly  to  excrete  water,  and  the 
nitrogenous  substance  known  as  urea.  In  the  majority  of 
cases  the  fluid  excreted  by  tJie  kidneys  is  conveyed  to  the 
exterior  by  means  of  tivo  tubes  known  as  the  ureters,  which 
empty  themselves  into  a  common  receptacle,  the  urinary  blad- 
der. In  some  cases,  however,  the  ureters  open  into  tire  ter- 
mination of  the  alimentary  canal  (rectum). 

The  nervous  system  of  Vertebrate  animals  usually  exhibits 
a  well-marked  division  into  two  parts — the  cerebro-spinal  sys- 
tem, and  the  sympathetic  system.  The  cerebro-spinal  system 
of  nerves  constitutes  the  great  miss  of  the  nervous  system  of 
Vertebrates,  and  usually  exhibits  a  well-marked  separation 
into  spinal  cord  {mydon)  and  brain  {encepkalon).  The  propor- 
tion borne  by  the  brain  to  the  spinal  cord  differs  much  in  dif- 
ferent cases ;  and  in  the  Lancelet  a  brain  can  hardly  be  said 
to  be  present  at  all.  As  already  said,  the  brain  and  spinal 
cord  are  always  completely  shut  off  from  the  visceral  cavity, 
and  they  are  placed  upon  the  dorsal  surface  of  the  body.  The 
nerves  given  off  from  the  cerebro-spinai  axis  are  symmetrically 
disposed  on  the  two  sides  of  the  body,  and  they  are  mainly 
concerned  with  the  functions  of  "animal"  life — that  is  to  say, 
with  sensation  and  locomotion.  The  sympathetic  system  of 
nerves  is  unsymmetrically  disposed  to  a  greater  or  less  extent, 
and  presides  mainly  over  the  fimctions  of  "organic"  or  "vege- 
tative" life,  being  mainly  concerned  with  regulating  the  func- 
tions of  digestion  and  respiration,  and  the  circulation  of  the 
blood.  In  its  most  fully  developed  form  it  consists  of  a  double 
gangliated  cord  placed  in  the  visceral  cavity  on  the  under  sur- 
face of  the  spine,  and  of  a  series  of  nervous  ganglia,  imited  by 
nervous  cords,  and  scattered  mainly  over  the  great  viscera  of 
the  thorax  and  abdomen. 

The  organs  of  the  senses  are  well  developed  in  the  Vcrtehraia, 
and  those  appropriated  to  the  senses  of  sight,  hearing,  smell, 
and  taste  are  protected  within  bony  cavities  of  the  head.  The 
perfection  of  tfie  senses  differs  much  in  different  cases,  but  they 
are  probably  never  wholly  wanting  in  any  Vertebrate  animal. 
Tliere  are  cases  in  which  vision  must  be  of  the  most  rudimen- 
tary character ;  but  even  in  these  cases  it  is  probable  that  there 
is  a  perception  of  light,  even  if  there  is  no  power  of  distinguish- 
iug  objects.  The  only  cases  in  which  it  would  appear  that 
vjfion  is  really  altogether  absent,  are  those  of  animals  placed 
under  the  wholly  abnormal  condition  of  spending  their  exist- 
ence in  darkness  (such  as  the  Proteus  anguiiins  of  the  caves  of 
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Illyria).  Smel],  hearing,  and  taste  are  probably  rarely,  if  ever, 
altogether  absent  in  Vertebrates;  though  in  many  cases  their 
organs  are  very  rudimentary.  Touch,  or  "tactile  sensibility," 
is  usually  possessed  to  a  greater  or  less  degree  by  the  entire 
surface  of  the  body;  but  the  sense  of  touch  is  generally  localised 
in  certain  particular  parts,  such  as  the  appendages  of  the  mouth, 
the  lips,  the  tongue,  or  the  digits. 

In  aU  Vertebraia  without  exception  reproduction  is  carried 
on  by  means  of  the  sexes,  and  in  all  the  sexes  are  in  different 
individuals.  No  Vertebrate  animal  possesses  the  power  of  re- 
producing itself  by  fission  or  gemmation  ;  and  in  no  case  are 
composite  organisms  or  colonies  produced.  Most  of  the  Ver- 
tebrates are  oviparous,  that  is  to  say,  the  ova  are  expelled  from 
the  body  of  the  parent  either  before  or  very  shortly  after  im- 
pregnation. In  other  cases,  the  eggs  are  retained  within  the 
body  of  the  parent  until  the  young  are  hatched,  and  in  these 
cases  the  animals  are  said  to  be  ovo-viviparom.  In  other  cases, 
again,  not  only  is  the  egg  hatched  within  the  parent,  but  the 
embryo  is  retained  within  the  body  of  the  mother  until  its  de- 
velopment has  been  carried  out  to  a  greater  or  less  extent;  and 
these  animals  are  said  to  be  viviparous. 

Divisions  of  the  Vertebeata. — The  sub-kingdom  Verte- 
braia is  divided  into  the  five  great  classes  of  the  Fishes  (Pisces), 
Amphibians  {Amphibia),  Reptiles  (liepliUa),  Bhds  {Aves),  and 
Mammals  {Mammalia).  So  fer  there  is  perfect  unanimity;  but 
when  it  is  inquired  into  what  larger  sections  the  Vertebrata  may 
be  divided,  there  is  much  difference  of  opinion.  Here,  the 
divisions  proposed  by  Professor  Huxley  will  be  adopted,  but  it 
is  necessary  that  those  employed  by  other  writers  should  be 
mentioned  and  explained. 

One  of  the  commonest  methods  of  classifying  the  Vertebraia 
is  to  divide  them  into  the  two  primary  sections  of  the  Branch- 
iaia  and  Abranchiata.  Of  these,  the  Brandiiate  section  in- 
cludes the  fishes  and  Amphibians,  and  is  characterised  by  the 
fact  that  the  animal  is  always  provided  at  some  period  of  its 
life  with  branchias  or  giils.  The  Abranchiate  section  includes 
the  Reptiles,  Birds,  and  Mammals,  and  is  characterised  by  the 
fact  that  the  animal  is  never  provided  at  any  time  of  its  life 
with  gills.  Additional  characters  of  the  Branchiate  Vertebrates 
are,  that  the  embryo  is  not  furnished  with  the  structures  known 
as  the  amnion  and  allantois.  Hence  the  Branchiate  Vertebrates 
are  often  spoken  of  as  the  Anammota  and  as  '^e  Anallautoidea. 
In  the  Abranchiate  Vertebrates,  on  the  other  hand,  the  em- 
biyo  is  always  provided  with  an  amnion  and  allantois,  and 
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hence  this  section  is  spoken  of  as  the  Amniola  or  as  the  Al- 


By  Professor  Owen  the  Vertshrata  are  divided  into  the  two 
primary  sections  of  the  Hamatocrya  and  the  Hamatotherma,  the 
characters  of  the  blood  being  taken  as  the  distinctive  charac- 
ter. The  Hamatocrya  or  Cold-blooded  Vertebrates  comprise  the 
Fishes,  Amphibia,  and  Reptiles,  and  are  characterised  by  their 
cold  blood  and  imperfect  circulation.  The  Hamatotherma  or 
Warm-blooded  Vertebrates  comprise  the  Birds  and  the  Mam- 
mals, and  are  characterised  by  their  hot  blood,  four-chambered 
heart,  and  complete  separation  of  the  pulmonary  and  systemic 
circulations.  The  chief  objection  to  this  division  lies  in  the 
separation  which  is  effected  between  the  Reptiles  and  the 
Birds,  two  classes  which  are  certainly  very  nearly  allied  to  one 
another. 

By  Professor  Huxley  the  Vertebra/a  are  divided  into  the  fol- 
lowing three  primary  sections  : — - 

I.  IcHTHYOPSiDA. — This  section  comprises  the  Fishes  and 
the  Amphibians,  and  is  characterised  by  the  presence  at  some 
period  of  life  of  gills  or  branchife,  the  absence  of  an  amnion, 
the  absence  or  rudimentary  condition  of  the  allantois,  and  the 
possession  of  nucleated  red  blood-corpuscles, 

II.  Sauropsida.— This  section  comprises  the  Birds  and  the 
Reptiles,  and  is  characterised  by  the  constant  absence  of  gills, 
the  possession  ot  an  amnion  and  allantois,  the  articulation  of 
the  skull  with  the  vertebral  column  by  a  single  occipital  con- 
dyle ;  the  composition  of  each  ramus  of  the  lower  jaw  of  several 
pieces,  and  the  articulation  of  the  lower  jaw  with  the  skull  by 
the  intervention  of  an  "  os  quudratum  j"  and,  lastly,  the  posses- 
sion of  nucleated  red  blood -corpuscles. 

III.  Mammalia. — This  section  includes  the  single  class  of 
the  Mammals,  and  agrees  with  the  preceding  in  never  possess- 
ing gills,  and  in  having  an  amnion  and  allaitois.     The  Mam- 

•  The  /imiiion  (fig.  124)  is  a  membranous  sac,  containing  a  fluid — 
the  liquor  amnii — and  completely  enveloping  the  embryo.  It  consti- 
tutes one  of  the  so-called  "ftetal  membranes,"  and  is  thrown  off  at  birth. 
The  ailantois  (fig.  124,  C)  is  an  embryonic  structure,  which  is  developed 
out  of  the  middle  or  "vascular"  layer  of  the  germinal  membrane.  It  ap- 
pears at  first  as  a  solid,  pe^-shaped,  ceUular  mass,  arising  from  the  under 
part  of  the  body  of  'he  embryo.  In  the  process  of  development,  Ihe  alkn- 
lois  increases  lar^ly  in  size,  and  becomes  converted  into  a  vesicle  which 
envdops  the  embryo  in  part  or  wholly.  It  is  abundantly  supplied  with 
Hood,  and  is  the  organ  whereby  the  blood  of  the  fo?lu3  is  aerated.  Tlie 
part  of  the  allantois  which  is  external  to  the  body  of  the  embryo  is  cast  off 
at  lurth  ;  but  the  portion  which  is  within  the  body  is  retained,  and  is  con- 
Tcited  into  the  armary  bladiler. 
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maHa,  however,  differ  from  the  Sauropstda  in  the  fact  that  the 
skuil  articulates  with  the  vertebral  column  by  Wo  occipital 
condyles;  each  ramus  of  the  lower  jaw  is  simple,  composed  of 
a  single  piece,  and  the  lower  jaw  is  united  with  the  temporal 
(squamosal)  element  of  the  skull,  and  is  not  articulated  to  a 
quadrate  bone.  There  are  special  glands — the  mammary 
glands — for  the  nourishment  of  the  young  for  a  longer  or 
shorter  period  after  birth,  and  the  red  blood-corpuscles  are 
non-nucleated. 
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CHAPTEK    LIV. 

CLASS  I.  — PISCES. 

The  first  class  of  the  Vertehrata  is  that  of  the  Fishes  (Pisces), 
which  may  be  broadly  defined  as  including  Vertebrate  animals 
which  are  provided  with  gills  throughout  the  whole  of  life;  the 
heart,  when  present,  consists  {with  one  exertion)  of  a  single  auricle 
and  a  single  ventricle/  the  blood  is  cold;  the  limbs,  when  present, 
are  in  the  form  of  fins,  or  expansions  of  the  integument;  and 
there  is  neither  an  amnion  nor  allantois  in  the  embryo,  unless  the 
lotto-  is  represented  by  the  urinary  bladder. 

In  form,  Fishes  are  adapted  for  rapid  locomotion  in  water, 
the  shape  of  the  body  being  such  as  to  give  rise  to  the  least 
jiossible  friction  in  swimming.  To 
this  end  also,  as  well  as  for  purposes 
of  defence,  the  body  is  usually  en- 
I'eloped  with  a  coating  of  scales 
ilevelpped  in  the  inferior  or  dermal 
l.iyer  of  the  skin.  The  more  im- 
portant modifications  in  the  form 
of  these  dermal  scales  are  as  fol- 
lows: I.  Cycloid  %ca\ts  {^%.  i$z,  a), 
consisting  of  thin,  flexible,  horny 
scales,  circular  or  elliptical  in  shape, 
and  having  a  more  or  less  com- 
pletely smooth  outline.  These  are 
the  scales  which  are  characteristic 
of  most  of  the  ordinary  bony  fishes. 
II.  Qemid  scales  (fig.  132,  t), 
*'rt*Cyci^d^^-:'(P?k^^"(;Kn^  also  consisting  of  thin  horny  plates, 
?iS  te^kvic'  ^d"^^  tp"  ''"'  having  their  posterior  margins 
fc^nJicBs).  *""  ^  "  fringed  with  spines,  or  cut  into 
comb-like  projections.  III.  Ganoid 
scales,  composed  of  an  inferior  layer  composed  of  bone,  covered 
by  a  superficial  layer  of  hard  polished  enamel  (the  so-called 
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"ganoine").  These  scales  (fig.  132,  rf)  are  usually  much  larger 
and  thicker  than  the  ordinary  scales,  and  though  tliey  are  often 
articulated  to  one  another  by  special  processes,  they  only  rarely 
overlap.  '  IV.  /"/izim/rf  scales,  consisting  of  detached  bony  grains, 
tubercles,  or  plates,  of  which  the  latter  are  not  uncommonly 
armed  with  spines  (fig.  132,  ^). 

In  most  fishes  there  is  also  to  be  observed  a  line  of  peculiar 
scales,  forming  what  is  called  the  "  lateral  line."  Each  of  the 
scales  in  this  line  is  perforated  by  a  tube  leading  down  to  a 
longitudinal  canal  which  runs  along  the  side  of  the  body,  and 
is  connected  with  cavities  in  the  head.  The  function  of  this 
singular  system  has  been  ordinarily  believed  to  be  that  of  se- 
creting the  mucus  with  which  the  surface  of  the  body  is  covered; 
but  it  seems  to  be  more  probably  sensory  in  function,  and  to 
be  connected  with  the  sense  of  toucL 

As  regards  their  true  osseous  system  or  endoskeleton.  Fishes 
vary  very  widely.  In  the  Lancelet  there  can  hardly  be  said  to 
be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  remains  throughout  life.  In 
others  the  skeleton  remains  permanently  cartilaginous;  in 
others  it  is  partially  cartilaginous  and  partially  ossified  j  and, 
lastly,  in  most  modern  fishes  it  is  entirely  ossified,  or  converted 
into  bone.  Taking  a  bony  fish  (fig.  133)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  tlie  chief  points 
in  the  osteology  of  a  fish  which  require  notice  : — 

The  vertebral  column  in  a  bony  fish  consists  of  vertebra, 
which  are  hollow  at  both  ends,  or  biconcave,  and  are  techni- 
cally said  to  be  "  amphicceloiis."  The  cup-like  margins  of  the 
vertebral  bodies  are  united  by  ligaments,  and  the  cavities 
formed  between  contiguous  vertebrse  are  filled  with  the  gela- 
tinous remains  of  the  notochord.  This  elastic  gelatinous  sub- 
stance acts  as  a  kind  of  ball-and-socket  joint  between  the  bodies 
of  the  vertebne,  thus  giving  the  whole  spine  the  extreme  mo- 
bility which  is  requisite  for  animals  living  in  a  watery  medium. 
The  ossification  of  tlie  vertebne  is  often  much  more  imperfect 
than  the  above,  but  in  no  case  except  that  of  the  Bony  Pike 
(Lepidosteus)  is  ossification  carried  to  a  greater  extent  than 
this.  In  this  fish,  however,  the  vertebral  column  is  composed 
ofopisthoccelous"  vertebrte — that  is,  of  vertebra  the  bodies  of 
which  are  concave  behind  and  convex  in  front.  The  entire 
spinal  column  is  divisible  into  not  more  than  two  distinct  re- 
gions, an  abdovnnal  and  a  caudal  region.  The  abdominal  ver- 
tebra possess  a  superior  or  neural  arch  (through  which  passes 
the  spinal  cord),  a  superior  spinous  process  (neural  spine),  and 
e  proccssci  to  wllich  the  ribs  are  usually  att.iclied. 
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The  caudal  vertebr;e  (fig.  133)  have  no  marked  tninsverse  pro- 
cesses ;  but,  in  addition  to  the  neural  arches  and  spines,  they 
give  off  an  inferior  or  Immal  arch  below  the  body  of  tiie  verte- 
bra, and  the  hsmal  arches  carry  inferior  spinous  processes 
(hiemal  spines). 

The  ribs  of  a  bony  fish  are  attached  to  the  transverse  pro- 
cesses, or  to  the  bodies  of  the  abdominal  vertebra,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  veitebra  each,  and  that  only  at  a  single  point.  Unlike  the 
ribs  of  the  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  embedded  in  the  muscles  which  bound 
the  abdomen.     Usually  each  rib  gives  off  a  sjjiiie-like  bone, 


which  is  directed  backwards  amongst  the  muscles.  Inferiorly 
the  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
mal ossifications  in  the  middle  line  of  the  abdomen  ;  but  there 
is  never  any  breast-bone  or  sternum  properly  so  called. 

The  only  remaining  bones  connected  with  the  skeleton  of 
the  tnuik  are  the  so-called  inierspinoiis  bones  (fig.  133,  ii). 
These  form  a  series  of  dagger-shaped  bones  plunged  in  the 
middle  line  of  the  body  between  the  great  lateral  muscles 
which  make  up  the  greater  part  of  the  body  of  a  fish.  The 
internal  ends  or  points  of  the  interspinous  bones  are  attached 
by  ligament  to  the  spinous  processes  of  the  vertebrae ;  whilst 
to  their  outer  ends  are  articulated  the  "  rays  "  of  the  so  called 
"median"  fins,  which  will  be  hereafter  described.  As  a  nile, 
there  is  only  one  intersjiinous  bonfi  to  each  spinous  process, 
but  in  the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  two. 
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Beside  the  fins  which  represent  the  limbs  (pectoral  and 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  "rays,"  which  are  of  tv.'O  kinds,  termed  respectively  "  spi- 
nous rays"  and  "  soft  rays."  The  "spinous  rays"  are  simple 
bony  spines,  apparently  composed  of  a  single  piece  each,  but 
really  consisting  of  two  halves  firmly  united  along  the  middle 
line.  The  "  soft  rays  "  are  composed  of  several  slender  spines 
proceeding  from  a  common  base,  and  all  divided  transversely 
into  numerous  short  pieces.  The  soft  rays  occur  in  many  fishes 
in  different  fins,  but  they  are  invariably  found  in  the  caudal 
fin  or  tail  (fig.  133,  c).     The  rays  of  the  median  fins,  whatever 


Fir-  134.— Skull  of  Cod  (Mbt^im  .  i!^ns)-Cav  sr     a  Urahyal     i  BauJiyal     * 
o^^lum  /  ,■  Inl«°up^SSm  T"  ^f^nl^tj^^"In"«  mtilL^  tone.'™'"' 

their  character  may  be,  always  articulate  by  a  hinge-joint  with 
the  heads  of  the  interspinous  bones. 

The  skaU  of  the  bony  fishes  is  an  extremely  complicated 
structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  The  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  operculum, 
and  the  hyoid  bone  with  its  appendages.  For  reasons  con- 
nected with  the  respiratory  process  in  fishes,  as  will  be  after- 
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wards  seen,  there  generally  exists  between  the  head  and  the 
scapular  arch  a  great  cavity  or  gap  on  each  side;  within  which 
ate  contained  the  branchiEe.  The  cavity  thus  formed  opens 
externally  on  each  side  of  the  neck  by  a  single  vertical  fissure 
or  "gill-slit,"  closed  by  a  broad  flap,  called  the  "gill-cover" 
or  "  operculum,"  and  by  a  membrane  termed  the  "branchi- 
ostegal  membrane." 

The  gill-cover  (fig.  134,  /,  0,  s,  i)  is  composed  of  a  chain  of 
broad  ilat  bones,  termed  the  opercular  bones.     Of  these,  the 
innermost  articulates  with  the  skull  (tympano-mandibular  arch), 
and  is  called  the  "  prK-operculum ; "  the  next  is  a  large  bone 
called  the  "  operculum  "  proper ;  and  the  remaining  two  bones 
called  respectively  the  "sub-operculum"  and  "inter-operculum," 
form,  with  the  operculum  proper,  the  edge  of  the  gill-cover. 
These  various  bones  are  united  together  by  membrane,  and 
they  form  collectively  a  kind  of  movable  door    bj  n     n    of 
which  the  branchial  chamber  can  be  alternately  o]    n  d    nd 
shut.     Besides  the  gill-cover,  however,  the  bran  h    1    h  mb 
is  closed  by  a  membrane  called   the  "  branch  o         1  m  n 
brane,"  which  is  attached  to  the  os  hyoides. ,   The        nlra 
is  supported  and  spread  out  by  ?.  number  of  slend  rv  d 

spines,  which  are  attached  to  the  lateral  branch  s  of  h  1  j  1 
bone,  act  very  much  as  the  ribs  of  an  umbrella,  and  are  known 
as  the  "  branchiostegal  rays  "  (fig.  134,  d). 

The  hyoid  arch  of  fishes  is  attached  to  the  temporal  bones 
of  the  skull  by  means  of  two  slender  styUform  bones,  which 
correspond  to  the  styloid  processes  of  man,  and  are  called  the 
"stylohyal"  bones  (fig.  135, y).  The  rest  of  the  hyoid  arch  is 
composed  of  a  central  portion  and  two  lateral  branches.  Each 
branch  is  composed  of  the  following  parts : — i.  A  triangular 
bone  attached  above  to  the  stylohyal,  and  termed  the  "  epihyal 
bone"  (fig.  135,  e);  a.  A  much  longer  bone,  known  as  the 
"ceratohyal"  {d).  The  central  portion  of  the  hyoid  arch  is 
made  up  of  tivo  small  polyhedral  bones — the  "  basihyals  "  (1*). 
From  the  basihyal  there  extends  forwards  in  many  fishes  a 
slender  bone,  which  stipports  the  tongue,  and  is  termed  the 
"glossohyal"  or  "lingual"  bone  (rt).  There  is  also  another 
compressed  bone,  which  extends  backwards  irom  the  basihyals, 
and  which  is  known  as  the  "urohyal  bone"(i:).  This  last- 
mentioned  bone  is  of  importance,  as  it  often  extends  back- 
wards to  the  point  of  union  of  the  coracoid  bones,  and  thus 
forms  the  isthmus  which  separates  the  two  branchial  apertures. 

From  the  outer  margins  of  the  epihyal  and  ceratohyal  bones 
on  each  side  arise  the  slender  curved  "branchiostegal  rays," 
which  have  been  previously  mentioned.      There  are  usually 
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seven  of  these  on  each  side.  Above  the  urohyal,  and  attached 
in  front  of  the  body  ot  tlie  os  hyoides  is  a  chiin  of  bones, 
placed  one  behind  the  other  and  termed  by  Owen  the  basi- 
branchial  bones  Springing  from  these  are  four  bonj  arches 
— the  "branchial  arches  — nhich  proceed  upwards  to  be  con- 
nected siipenorly  by  b^ament  with  the  under  surlace  of  the 
skull.  The  branchial  arches — as  will  be  subsequently  de- 
scribed— cirrv  the  bran  hi-e    and  eich  ib  composed  oi    no 


/"Slylohyal    ir  Brand) 


mfun  pieces,  termed  respectively  the  "  cerato-branchial "  and 
"  epi-branchial "  bones.  The  second  and  third  arches  are  con- 
nected with  the  skull  by  the  intervention  of  two  small  bones, 
often  called  the  "  superior  pharyngeal  bones,"  but  termed  by 
Owen  the  "pharyngo-branchial"  bones. 

The  limbs  of  fishes  depart  considerably  from  the  typical  fonn 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 
limbs  may  be  wanting,  but  when  present  the  limbs  arc  always 
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ill  the  form  of  ^nj— that  is  of  expansions  of  the  integument 
strengthened  by  bonj  or  cartilaj^inous  fin  r^ys  The  anterioi 
limbs  are  known  as  the  ptctoial  fins  and  the  posterior  as  the 
ventral  fins ;  and  they  are  at  once  distinguished  from  the  so- 
called  "median"  fins  b)  being  always  symmetrically  disposed 
in  pairs.  Hence  they  are  often  spoken  of  as  the  paired  fins. 
The  scapular  arch  (figs    135,    136)  supportmg   the  pectoral 


limbs  is  usually  joined  to  the  skull  (occipital  bone),  and  con- 
sists of  the  following  pieces  on  each  side:- — t.  The  supra- 
scapula  (ss) ;  2.  The  scapula  {s),  articulating  with  the  former  ; 
and,  3.  The  coracoid  {c6),  attached  above  with  the  scapula,  and 
united  below,  by  ligament  or  suture,  with  the  coracoid  of  the 
opposite  side,  thus  completing  the  pectoral  arch.     Lastly,  there 
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is  often  another  bone,  sometimes  single,  but  oftener  of  t^vo 
pieces,  attached  to  the  upper  end  of  the  coracoid,  and  this  is 
believed  to  represent  the  collar-bone  or  clavicle.* 

The  fore-limb  possesses  in  a  modified  form  most  of  the 
bones  which  are  present  in  the  higher  Vertebrata.  The  hum- 
erus,  or  bone  of  the  upper  ann,  is  usually  wanting,  or  it  is  alto- 
gether rudimentary.  A  radius  and  ulna  (fig.  136,  r,  u)  are 
usually  present,  and  are  followed  by  a  variable  number  of 
bones,  which  represent  the  carpus,  and  some  of  which  some- 
times articulate  directly  with  the  coracoid.  The  carpus  is  fol- 
lowed by  the  "  rays  "  of  the  fin  proper,  these  representing  the 
metacarpal  bones  and  phalanges.  T'he  pectoral  fins  vary  much 
in  size  and  in  other  characters.  In  the  Flying  Gurnard  (Dae- 
tylopterus),  and  the  true  Flying  Fish  {Exoccstus),  the  pectorals 
are  enormously  developed,  and  enable  the  fish  to  take  exten- 
sive leaps  out  of  the  water. 

The  liind-limbs  or  "ventral  fins"  are  wanting  in  many  fishes, 
and  they  are  less  developed  and  less  fixed  in  position  than  are 
the  pectoral  fins.  In  the  ventral  fins  no  representatives  of  the 
tarsus,  tibia  and  fibula,  or  femur,  are  ever  developed.  TJie 
rays  of  the  ventral  fins — representing  the  metatarsus  and  the 
phalanges  of  the  toes — unite  directly  with  a  pelvic  arch,  which 
is  composed  of  two  sub-triangular  bones,  united  in  the  middle 
line  and  believed  to  represent  the  isehia.  The  imperfect  pelvic 
arch,  thus  constituted,  is  never  united  to  the  vertebral  column 
in  any  fisL  In  those  fishes  in  which  the  ventral  fins  are 
"abdominal"  in  position  {i.e.,  placed  near  the  hinder  end  of 
the  body)  the  pelvic  arch  is  suspended  freely  amongst  the 
muscles.  In  diose  in  which  the  ventral  fins  are  "  tiioracic  "  or 
"jugular"  {i.e.,  placed  beneath  the  pectoral  fins,  or  on  the 
sides  of  the  neck),  die  pelvic  arch  is  attached  to  die  coracoid 
bones  of  the  scapular  arch,  and  is  therefore  wholly  renioved 
from  its  proper  veitebra. 

In  addition  to  the  pectoral  and  ventral  fins — the  homologues 
of  the  limbs — which  may  be  wanting,  fishes  are  furnished 
with  certain  other  expansions  of  the  integument,  which  are 
"median"  in  position,  and  must  on  no  account  be  confounded 
with  the  true  "  paired  "  fins.  These  median  fins  are  variable 
in  number,  and  in  some  cases  there  is  but  a  single  fringe 
nnming  round  the  posterior  extremity  of  the  body.  In  all 
cases,  however,  the  median  fins  are  "  azygous  " — that  is  to  say, 
they  occupy  the  middle  line  of  the  body,  and  are  not  syni- 
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metricaliy  disposed  in  pairs.  Most  commonly,  the  median 
fins  consist  of  one  or  two  expansions  of  the  dorsal  integument, 
called  the  "dorsa!  fins"  (fig.  137,  d  d);  one  or  two  on  the 
ventral  surface  near  the  anus — the  "  anal  fins"  (fig.  137,  «);  and 


a  broad  fin  at  the  extremity  of  the  vertebral  column,  called  the 
"  caudal  fin"  or  tail  {c).  In  all  cases,  the  rays  which  support 
the  median  fins  are  articulated  with  the  so-called  interspinous 
bones,  which  have  been  previously  described.  Though  called 
"median,"  from  their  position  in 
the  middle  line  of  the  body,  and 
from  their  being  unpaired,  the 
median  fins  of  Fishes,  as  shown 
by  Goodsir  and  Humphrey,  are 
truly  to  be  regarded  as  formed  by 
the  coalescence  of  two  lateral  ele- 
ments in  the  mesial  plane  of  the 
body. 

The  caudal  fin  or  tail  of  fishes 
is  always  set  Ycrtically  at  the  ex- 
tremity of  the  spine,  so  as  to  work 
from  side  to  side,  and  it  is  the 
chief  organ  of  progression  in  the 
fishes.  In  its  vertical  position,  and 
in  the  possession  of  fin-rays,  it 
';  diff'ers  altogether  from  the  hori- 
''  zontal  integumentary  expansion 
which  constitutes  the  tail  of  the 
WTiales,  Dolphins,  and  Sirmia  (Dugong  and  Manatee).  In 
the  fonn  of  the  tail  fishes  exhibit  two  very  distinct  types  of 
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Structure  termed  respectively  the  "  homocercal "  and  "  hetero- 
ce  al  )pe  of  tail  (fi^  ij8)  I  he  homocercal  tail  is  the  one 
1  h  mo  t  con  monlj  olpi  rs  m  our  modem  fishes  and  it  s 
chara  e  ed  by  the  feet  that  the  two  lobes  oi  the  tail  are 
ej  al  and  tlie  \ertetral  column  inste-id  of  be  ng  prolont,i,d 
no  le  pper  lobe  of  the  tail  btifs  short  at  its  bibe  In 
he  1  e  e  cereal  tail  on  the  other  hand  the  vertebnl  column 
s  p  olonged  into  the  upper  lobe  of  the  tail  so  that  the  tail 
be  om  s  unequally  lobed  its  greater  portion  being  placed 
belo  V  he  sp  ne  Even  where  the  vertebral  column  is  not  pro 
lont,ed  n  o  the  uifer  lobe  de  tail  may  nevertheless  become 
he  e  o  e  al  in  conseiuence  of  i  great  devel  j  mcnt  of  the 
h^en  a      pines   as   compared  with   the   i  eural   '•i  lies  of  the 

rtel  -e 

The  p  ocess  of  rgsfiratim  in  all  fishes  is  essentially  aquatic, 
and  is  carried  on  by  means  of  branchial  plates  or  tufts  devel- 
oped upon  the  posterior  visceral  arches,  which  are  persistent, 
and  do  not  disappear  at  the  close  of  embryonic  life,  as  they  do 
in  other  Vertebrates  In  the  Lancelet  alone,  respiration  is 
ettected  partly  by  branchial  filaments  placed  round  the  com- 
mencement of  the  pharynx,  and  partly  by  the  pharynx  itself, 
which  IS  greitly  enhiged,  and  has  its  walls  perforated  by  a 
iSeries  of  transverse  ciliated  fissuies  The  arrangement  and 
structure  of  the  branchise  differ  a  good  deal  in  the  different 
orders  of  Fishes,  and  these  modifications  will  be  noticed  sub- 
sequently In  the  meanwhile  it  will  be  sufficient  to  give  a 
brief  descnption  of  the  branchial  apparatus  in  one  of  the  bony 
fishes  In  such  a  fish,  the  branchiEe  are  connected  with  the 
hyoid  arch,  and  ire  situated  m  two  special  chambers,  situated 
one  on  each  side  of  the  neck.  The  branchife  are  carried 
upon  the  outer  convex  sides  of  what  have  been  already  described 
as  the  "branchial  arches ;"  tiiat  is  to  say,  upon  a  series  of  bony 
arches  which  are  connected  with  the  hyoid  arch  inferiorly,  and 
are  united  above  with  the  base  of  the  skull.  The  internal 
concave  sides  of  the  branchial  arches  are  usually  furnished 
with  a  series  of  jirocesses,  constituting  a  kind  of  fringe,  the 
function  of  which  is  to  prevent  foreign  substances  finding  their 
way  amongst  the  branchise,  and  thus  interfering  with  the  proper 
action  of  the  respiratory  organs.  The  branchise,  themselves, 
usually  have  the  form  of  a  double  series  of  cartilaginous  leaflets 
or  lamins.  The  branchial  laminte  are  flat,  elongated,  and 
pointed  in  shape,  and  they  are  covered  with  a  highly  vascular 
mucous  membrane,  in  which  the  branchial  capillaries  ramify. 
The  blood  circulates  through  the  branchial  laminje,  and  is  here 
subjected  to  the  action  of  crated  water,  whereby  it  is  oxygen- 
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ated.  The  water  is  constantly  taken  in  at  the  mouth  by  a 
movement  analogous  to  swallowing,  and  it  gains  admission  to 
the  branchial  chambers  by  means  of  a  series  of  clefts  or  slits, 
the  "  branchial  fissures,"  which  are  situated  on  both  sides  of  the 
pharynx.  Having  passed  over  the  gills,  the  deoxygenated 
water  makes  its  escape  posteriorly  by  an  aperture  called  the 
"gill-slit"  or  "opercular  aperture,"  one  of  which  is  situated  on 
each  side  of  the  neck.  As  we  have  seen  before,  the  gill-slit  is 
closed  in  front  by  a  chain  of  flat  bones,  collectively  consti- 
tuting the  "gill-cover"  or  "operculum;"  and  the  gill-covers 
are  finally  completed  by  a  variable  number  of  bony  spines^ 
the  "branchiostegal  rays" — which  articulate  with  the  hyoid 
arch,  and  support  a  membrane— the 
"  branchiostegal  membrane." 

The  heart  of  Fishes  is,  properly 
speaking,  a  branchial  or  respiratory 
heart.  It  consists  of  two  cavities, 
an  auricle  and  a  ventricle  {fig.  139, 
(f,  v),  and  the  course  of  the  circulation 
is  as  follows :— The  venous  blood  de- 
rived from  the  liver  and  from  the  body 
generally  is  poured  by  the  vena  cava 
into  the  auricle  (a),  and  from  this  it  is 
propelled  into  the  ventricle  iv).  From 
ihe  ventricle  arises  a  single  aortic 
arch  (the  right),  and  the  base  of  this  is 
usually  dilated  into  a  cavity  or  sinus, 
called  the  "bulbus  arteriosus"  {ni). 
The  arterial  bulbis  sometimes  covered 
with  a  special  coat  of  striated  muscular 
fibres,  and  is  provided  with  several 
transverse  rows  of  valves.  In  these 
cases,  the  bulbus  acts  as  a  kind  of 
continuation  of  the  ventricle,  being 
capable  of  rhythmical  contractions. 
The  blood  is  driven  by  the  ventricle 
through  the  branchial  artery  («)  to 
the  gills,  through  which  it  is  dis- 
tributed by  means  of  the  branchial 
vessels,  the  number  of  which  varies 
(there  are  three  on  each  side  in  a  few 
fishes,  _/&«/-  in  most  of  the  bony  fishes, 
^e  in  the  Skates  and  Sharks,  and  six  or 
sevm  in  the  Lampreys).  The  aerated 
1  through  the  gills'  is  not  returned  to  the 


Fig.  i5>— Diasra-n  of  the  i 
culalion  ia  a  (Uh.  a  Auride, 
receiving  venous  blood  f™ 
Ihe  holy ;  v  Ventiide  ;  t 
Bulbus  arteriosus,  at  ihs  bsE 
of  ihe  branchial  anery ;  j 
Biandiia]  artery,  carrying  the 
venon»bloodtplheBiflsft*): 


blood  which  has  1: 


Hosled  by  Google 


CHARACTERS  OF  FISHES.  373 

heart,  but  is  driven  from  the  branchiiE  through  all  parts  of 
the  body ;  the  propulsive  force  necessary  for  this  being  derived 
chiefly  from  the  heart,  assisted  by  the  contractions  of  the  volun- 
tary muscles.  In  some  fishes  (as  in  the  Eel)  the  return  of  the 
blood  to  the  heart  is  assisted  by  a  rhythmically  contractile 
dilatation  of  the  caudal  vein.  The  essential  peculiarity,  then, 
of  the  circulation  of  fishes  depends  upon  this — that  the  arte- 
rialised  blood  returned  from  the  gills  is  propelled  through  the 
systemic  vessels  of  the  body,  witliout  being  sent  back  to  the 

The  Lancelet  {Amphioxus),  alone  of  all  Fishes,  has  no 
special  heart,  and  the  circulation  is  effected  by  contractile 
dilatations  developed  upon  several  of  the  blood-vessels,  hi 
the  Mud-fish  {Lepidosireii)  the  heart  consists  of  tioo  auricles 
and  a  single  ventricle.  The  blood- corpuscles  of  Fishes  are 
nucleated  (fig.  130,  e),  and  the  blood  is  red  in  all  e\cept  the 
AvipJiiaxus. 

As  regards  the  digestive  system  of  Fishes  there  is  not  much  of 
peculiar  importance.  The  mouth  is  usually  famished  with  a 
complicated  series  of  teeth,  which,  in  the  Bony  Fishes,  are  not 
only  developed  upon  the  jaws  proper,  but  are  also  situated 
upon  other  bones  which  enter  into  the  composition  of  the 
buccal  cavity  (such  as  the  palate,  the  pterygoids,  vomer, 
brancliial  arches,  the  glossohyal  bone,  &c.)  The  cesophagus 
is  usually  short  and  capacious,  and  generally  opens  into  a  large 
and  well-marked  stomach.  The  pyloric  aperture  of  the  stomach 
is  usually  furnished  with  a  valve,  and  behind  it  there  is  usually 
a  number  (from  one  to  sixty)  of  blind  appendages,  termed  the 
"  pyloric  Cteca."  These  are  believed  to  represent  the  pancreas, 
but  there  may  be  a  recognisable  pancreas  either  alone  or  in 
addition  to  the  pyloric  cfeca.  The  intestinal  canal  is  a  longer 
or  shorter,  more  or  less  convoluted  tube,  the  absorbing  surface 
of  which,  in  certain  fishes,  is  largely  increased  by  a  spiral 
reduplicature  of  the  mucous  membrane,  which  winds  like  a 
screw  in  close  turns  from  the  pylorus  to  the  anus.  The  liver 
is  usually  large,  soft,  and  oily,  and  a  gallbladder  is  almost 
universally  present ;  but  in  the  Amphioxus  the  liver  is  doubt- 
fully represented  by  a  hollow  sac-like  organ. 

The  kidneys  of  fishes  are  usually  of  great  size,  and  form  two 
elongated  organs,  which  are  situated  beneath  the  spine,  and 
extend  aloi^  the  whole  length  of  the  abdominal  cavity  The 
ureters  often  dilate  and  form  a  species  of  bladder  the  doubtfijl 
representative  of  the  aihntois 

Whilst  the  resp  ration  of  ill  fishes  is  tni!^  aq  atic  most  of 
them   are,    nevertl  dcs      1  mished   with    11     organ  whch   is 
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doubtless  the  homologiie  of  the  lungs  of  the  air-breathing 
Vertebrates.  This — the  "air"  or  "swim  bladder" — is  a  sac 
containing  gas,  situated  beneath  the  alimentary  tube,  and 
often  communicating  with  the  gullet  by  a  duct.  In  the  great 
majority  of  fishes  the  functions  of  the  air-bladder  are  certainly 
hydrostatic — that  is  to  say,  it  serves  to  maintain  the  necessary 
accordance  between  the  specific  gravity  of  the  fish  and  that  of 
the  surrounding  water.  In  the  singular  Mud-fishes,  however, 
it  acts  as  a  respiratory  oi^an,  and  is  therefore  not  only  the 
homologiie,  but  also  the  analogue,  of  the  lungs  of  the  higher 
Vertebrates,  In  most  fishes  the  air-bladder  is  an  elongated 
sac  with  a  single  cavity,  but  in  many  cases  it  is  variously  sub- 
divided by  septa.  In  the  Mud-fish  the  air-bladder  is  composed 
of  two  sacs,  completely  separate  from  one  another,  and  divided 
into  a  number  of  cellular  compartments.  The  duct  leading  in 
many  fishes  from  the  air-bladder  {ductus  pjuumatictis)  opens 
into  the  oesophagus,  and  is  the  homologue  of  the  wind-pipe 
(trachea).  The  air  contained  in  the  swim-bladder  is  composed 
mainly  of  nitrogen  in  most  fresh-water  fishes,  but  in  the  sea- 
fishes  it  is  mainly  made  up  of  oxygen.  The  fishes  which  live 
habitually  at  the  bottom  of  the  sea,  such  as  the  Flat-fishes, 
possess  no  swim-bladder,  and  it  is  much  reduced  in  size  in 
those  which  live  principally  at  the  surface. 

Tile  nervous  system  of  fishes  is  of  an  inferior  type  of  organ- 
isation, the  brain  being  of  small  size,  and  consisting  mainly  of 
gangiia  devoted  to  the  special  senses.  As  regards  the  special 
senses,  there  is  one  peculiarity  which  deserves  special  notice, 
and  this  is  the  conformation  of  the  nasal  sacs.  The  cavity  of 
the  nose  is  usually  double,  and  is  lined  by  an  olfactory  mem- 
brane folded  so  as  to  form  numerous  plicje.  Anteriorly,  the 
dm  d  n  h  nasal  sacs  by  a  single  or  double 
n  y  by    w       p  rtures;  but  posteriorly  the  nasal 

s  cs  d       d  d  communicate  with  the  pharynx 

by  any    p  rt  Th  e     ept'ons  to  this  statement  are 

be  d  R  d    and    n  the  Lepidosiren.     The 

n  h  n    f  h    ring  {labyrinth)  is  present 

fib  tl  ere  any  direct  communi- 

n  b  d    h         t  mal  medium.     In  some 

h  h  n  mu        tion  between  the  ear  and 

d  h  d  the  Eustachian  tube  in 

As  regards  their  reproductive  system,  fishes  are,  for  the  most 
part,  truly  oviparous,  the  ovaries  being  femiliarly  known  as  the 
"  roe."  The  testes  of  the  male  are  commonly  called  the  "  soft 
roe  "  or  "  milt.''     The  products  of  the  reproducti\'e  'organs  are 
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often  set  free  into  the  peritoneal  cavity,  ultimately  finding  their 
way  to  the  external  medium,  either  by  means  of  an  abdominal 
pore  (or  pores),  or  by  being  taken  up  by  the  open  mouths  of 
tlie  "  Fallopian  tubes."  In  other  cases  the  generative  pro- 
ducts are  direclly  conveyed  to  the  exterior  by  the  proper  ducts 
of  the  reproductive  organs. 
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CHAPTER    LV. 

PHARYNGOBRANCHII  AND  MARSIPOBRANCHII. 

The  class  Pisces  has  been  very  variously  subdivided  by  dif- 
ferent writers ;  but  the  classification  here  adopted  is  the  one 
proposed  by  Professor  Huxley,  who  divides  tiie  class  into  the 
following  six  orders,  in  the  subdivisions  of  which  Professoi 
Owen  has  been  followed :— * 

Order  I.  Pharyngobranchii  ( =  Cirrosiomi,  Owen ;  and 
Leptomrdia,  Miiller).— This  order  includes  but  a  single  fish, 
the  anomalous  Amphioxus  lanceolatus,  or  Lancelet  {fig.  140), 
the  oi^anisation  of  which  differs  in  almost  all  important  points 
from  that  of  all  the  other  members  of  the  class.  The  order  is 
defined  by  the  following  characters,  which,  as  will  be  seen,  are 
mostly  negative ; — No  skull  is  present,  nor  lower  jaw  (mandible), 
nor  limbs.  The  notochord  is  persistent;  and  there  are  no 
vertebral  centra  nor  arches.  No  distinct  brain  nor  auditory 
organs  are  present.  In  place  of  a  distinct  heart,  pulsating  dila- 
tations are  developed  upon  several  of  the  great  blood-vessels. 
The  blood  is  pale.  The  mouth  is  in  the  form  of  a  longitudinal 
fissure,  surrounded  by  filaments  or  cirri.  The  walls  of  the 
pharynx  are  perforated  by  numerous  clefts  or  fissures,  the 
sides  of  which  are  ciliated,  the  whole  exercising  a  respiratory 
function. 

The  Lancelet  is  a  singular  little  fish  which  is  found  burrow- 
ing in  sandbanks,  in  various  seas,  but  especially  in  the  Medi- 
terranean. The  body  is  lanceolate  in  shape,  and  is  provided 
with  a  narrow  membranous  border,  of  the  nature  of  a  median 
fin,  which  runs  along  the  whole  of  the  dorsal  and  part  of  the 

■  Cuvier  divided  the  class  Pisces  into  the  great  orders  of  the  Ckondi-ep- 
iWj'^i  (or  Cartilaginous  Fishes),  ihe  Acantkoptay^  {ax  Fishes  with  spinous 
'.he  paired   fins),  and  Malaeafltryga  (or  Fishes  with  soft  rays 
lired  Rns).      Agassiz  divides  Fishes,  irom  the  character  of  the 
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ventral  surface,  and  expands  at  the  tail  to  fonn  a  lancet-shaped 
caudal  fin.  No  true  paired  fins,  representing  the  anterior  and 
posterior  limbs,  are  present.  The  mouth  is  a  longitudinal 
fissure,  situated  at  the  front  of  the  head,  and  destitute  of 
jaws.  It  is  surrounded  by  a  cartilaginous  ring,  composed  of 
many  pieces,  which  give  off  prolongations,  so  as  to  form  a 
number  of  cartilaginous  filaments  or  "  cirri "  on  each  side  of 
the  mouth.  {Hence  the  name  of  Cirrostomi,  proposed  by 
Professor  Owen  for  the  order.)  The  throat  is  provided  on 
each  side  with  vascular  lamclltC,  which  are  believed  by  Owen 
to  perform  the  function  of  free  branchial  filaments.  The  mouth 
leads  into  a  dilated  chamber,  whicli  is  believed  to  represent  the 
pharynx,  and  is  termed  the  "pharyngeal"  or  "branchial  sac" 
It  is  an  elongated  chamber,  the  walls  &f  which  are  strengthened 
by  numerous  cartilaginous  filaments,  between  whicli  is  a  series 


of  transverse  slits  or  clefts,  the  whole  covered  by  a  richly  cili- 
ated mucous  membrane.  This  branchial  dilatation  has  given 
rise  to  the  name  Branchiostoma,  often  applied  to  the  Lancelet. 
Posteriorly  the  branchial  sac  opens  into  an  alimentary  canal,  to 
which  is  appended  a  long  and  capacious  sac  or  cfecum,  which 
is  believed  to  represent  the  liver.  The  intestinal  tube  termi- 
nates posteriorly  by  a  distinct  anus.  Respiration  is  effected 
by  the  admission  of  water  taken  in  by  the  mouth  into  the 
branchial  sac,  having  previously  passed  over  the  free  branchial 
filaments  before  mentioned.  The  water  passes  through  the  slits 
in  the  branchial  sac,  and  thus  gains  access  to  the  abdominal 
cavity,  from  which  it  escapes  by  means  of  an  aperture  with 
contractile  margins  situated  a  little  in  front  of  the  anus,  and 
called  the  "abdominal  pore."  There  is  no  distinct  heart,  and 
the  circulation  is  entirely  effected  by  means  of  several  rhythmi- 
cally contractile  dilatations  which  are  developed  upon  several 
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of  the  great  blood-vessels.  The  blood  itself  is  colourless.  No 
kidneys  h^ve  as  yet  been  discovered,  and  there  is  no  lymphatic 
system.  There  is  no  skeleton  properly  so  called.  In  place  of 
the  vertebral  column,  and  constituting  the  whole  endoskeleCon, 
i-i  the  semi-gelatinous  cellular  notochord,  enclosed  in  a  fibrous 
sheath,  and  giving  off  fibrous  arches  above  and  below.  The 
notochord  is,  further,  peculiar  in  this,  that  it  is  prolonged  quite 
to  the  anterior  end  of  the  body,  whereas  in  all  other  Vertebrates 
it  stops  short  at  the  pituitary  fossa.  There  is  no  cranium,  and 
the  spinal  cord  does  not  expand  anteriorly  to  form  a  distinct 
cerebral  mass.  The  brain,  however,  may  be  said  to  be  repre- 
sented, since  the  anterior  portion  of  the  nervous  axis  gives  off 
nerves  to  a  pair  of  rudimentary  eyes  and  another  branch  to  a 
ciliated  pit,  believed  to  represent  in  olfictory  organ  The 
generative  organs  (ovina  ai  d  testes)  ire  not  furnished  with 
any  efferent  ducts  (OMd  ict  or  vas  di.fereis)  The  generative 
products,  therefore,  must  be  adra  tted  u  to  the  abdominal 
cavity,    and  gain   the  external   medmm  by  the      abdominal 

Order  11,  Marsipobranchii  (  C}d stoma  Oven;  and 
Cydostomata,  Muller)  —  This  order  uicludes  the  Lampreys 
(Pdromyzonidm)  and  the  Hag  fishes  {Myx  u/e)  and  is  defined 
by  the  following  characters: — The  body  is  cylmdrical,  worm- 
like, and  destitute  of  limbs.  The  skull  is  cartilaginous,  with- 
out cranial  bones,  and  having  no  lower  jaw  (mandible).  The 
notochord  is  persistent,  and  there  are  either  no  vertebral  centra, 
or  but  the  most  rudimentary  traces  of  them.  The  heart  consists 
of  one  auricle  and  one  ventricle,  but  the  branchial  artery  is  not 
furnished  with  a  bulbus  arteriosus.  The  gills  are  sac-like,  and 
are  not  ciliated. 

The  type  of  piscine  oi^anisation  displayed  in  the  Marsipo- 
branchii is  of  a  very  low  grade,  as  indicated  cliiefly  by  the 
persistent  notochord  without  vertebral  centra,  tlie  absence  of 
tr    es    f  r    b     tl       b    nee  of  a  mandible,  and  the  struc- 
o  gi 

B    h    h    La  (fi       41,  A)  and  the  Hag-fishes  are  ver- 

fi  wh    h  agree  in  possessing  no  paired 

h  b    but  in  having  a  median  fin  running 

d  d  y  of  the  body.     The  skeleton  re- 

m  hr     ^  rtilaginous  condition,  the  chorda 

d  pe  only  traces  of  bodies  of  vertebrre 

n      n  ible  rings  of  osseous  matter  de 

d  n  tl     notochoi-d.     The  neural  arches  of 

h        rt  b  -e     n  g    h      pinal  cord,  are  only  represented 

p  s.      The  mouth  iu  the  Hag-fi:.li 
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(Myxine)  is  of  a  very  remarkable  character,  and  enables  it  to 
lead  a  very  peculiar  mode  of  life.  It  is  usually  found,  namely, 
embedded  in  the  interior  of  some  other  large  fish,  into  which 


it  has  succeeded  in  penetrating  by  means  of  its  singular  dental 
apparatus.  The  mouth  is  sucker-like,  destitute  of  jaws,  but 
provided  with  tactile  filaments  or  cirri.  In  the  centre  of  the 
palate  is  fixed  a  single,  large,  recurved  fang,  which  is  firmly 
attached  to  the  under  surface  of  the  cranium.  The  sides  of 
this  fang  are  strongly  serrated,  and  it  is  by  means  of  this  that 
the  Hag-fish  bores  its  way  into  its  victim,  having  previously 
attached  itself  by  its  sucker-like  mouth.  In  the  Lampreys  the 
mouth  has  also  the  form  of  a  circular  cup  or  sucker,  and  is 
also  destitute  of  jaws  ;  but  in  addition  to  the  palatine  fang  of 
the  Myxine,  the  margins  of  the  lips  bear  a  number  of  horny 
processes,  which  are  not  really  true  teeth,  but  are  hard  struc- 
tures developed  in  the  labial  mucous  membrane.  The  tongue, 
also,  is  armed  with  serrated  teeth,  and  acts  as  a  kind  of  piston ; 
so  that  the  Lampreys  are  in  this  manner  enabled  to  attach 
themselves  firmly  to  solid  objects 

A  very  remarkable  peoih-inty  in  the  Hig  fishe*;,  and  one 
very  necessary  to  remember,  is  found  in  the  structure  of  the 
nasal  sacs.  In  all  fishes,  namel},  e\cept  these  and  the  Mud- 
fishes (Lepidosiren),  the  nisal  sacs  are  closed  behind,  and  do 
not  open  posteriorly  into  the  throat  In  the  Mjxmoids,  how- 
ever, such  a  communication  e^tists,  and  the  nasal  sac — for 
there  is  only  one-— is  placed  m  communication  with  the  cavity 
of  the  mouth  by  means  of  a  canal  which  perforates  the  palate. 
In  front  the  nasal  cavity  communicates  with  the  external  me- 
dium by  a  second  tube,  which  opens  on  the  top  of  the  head 
by  a  single  aoerture,  which  is  olten  called  the  "spiracle,"  and 
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which  is  in  reality  an  unpaired  nostril  In  the  Lampreys,  on 
the  other  hand,  the  single  nasal  sac  has  the  same  stmcture  as 
in  the  typical  fislies — that  is  to  say,  it  is  closed  behind,  and 
does  not  communicate  in  any  way  with  the  cavity  of  the  mouth. 

Another  very  remarkable  point  in  the  Hag-fishes  and  Lam- 
preys is  to  be  found  in  the  structure  of  the  gills,  from  which 
the  name  of  the  order  is  derived.  In  the  Lampreys,  in  place 
of  the  single  gill-sht,  covered  by  a  gill-cover,  as  seen  in  the 
ordinary  bony  fishes,  the  side  of  the  neck,  when  viewed  ex- 
ternally, exhibits  six  or  seven  roimd  holes  placed  far  back  in  a 
Hue  on  each  side  (fig.  141,  A).  In  the  Hag  fishes  the  external 
apertures  of  the  gills  are  reduced  to  one  on  each  side,  placed 
below  the  head  ;  but  the  internal  stmcture  of  the  gills  is  the 
same  in  both  cases.  In  both  the  Lampreys  and  the  Hag-fishes, 
namely,  the  gills  are  in  the  form  of  sacs  or  pouches  (fig.  141,  B), 
the  mucous  membrane  of  which  is  thrown  into  folds  or  plaits 
like  the  leaves  of  a  book,  over  which  the  branchial  vessels 
ramify.  Internally  the  sacs  communicate  with  the  cavity  of 
the  phamyx,  either  directly  or  by  the  intervention  of  a  common 
respiratory  tube.  It  follows  from  this,  that  the  gill-pouches  on 
the  two  sides,  with  their  included  fixed  branchial  laminte,  com- 
municate fi-eely  with  one  another  through  the  pharynx.  The 
object  of  this  arrangement  appeal's  to  be  mainly  that  of  obvi- 
ating the  necessity  of  admitting  water  to  the  gills  through  the 
mouth,  as  is  the  case  with  the  ordinary  bony  fishes.  These 
fishes  are  in  the  habit  of  fixing  themselves  to  foreign  objects 
by  means  of  the  suctorial  mouth  ;  and  when  in  this  position,  it 
is,  of  course,  impossible  that  they  can  obtain  the  necessary 
water  of  respiration  through  the  mouth.  As  the  branchial 
pouches,  however,  on  the  two  sides  of  the  neck,  communicate 
freely  with  one  another  through  the  pharynx,  water  can  readily 
pass  in  and  out.  This,  in  the  Lampreys,  is  furtlier  assisted 
by  a  kind  of  elastic  cartilaginous  framework  upon  which  the 
respiratory  apparatus  is  supported,  and  which  acts  somewhat 
like  the  ribs  of  the  higher  Vertebrata.  Water  can  also  be 
admitted  to  the  pharynx,  and  thence  to  the  branchial  sacs,  by 
means  of  a  tube  which  leads  from  the  pharynx  to  an  aperture 
placed  on  the  top  of  the  head. 

The  Lampreys  are,  some  of  them,  inhabitants  of  rivers;  but 
the  great  Sea-lamprey  {Fefrnmyzon  martinis)  only  quits  the 
salt  water  in  order  to  s]jawn.  The  mouth  in  the  Fdromy- 
Z0nid«  is  a  circular  cartilaginous  ring,  formed  by  the  amalga- 
mation of  the  palatine  and  mandibular  arches,  and  carrying 
numerous  teeth  and  small  tubercles.  The  tongue  is  armed 
with  a  double  series  of  small  teeth,  and  acts  like  a  piston. 


Hosled  by  Google 


TELEOSTEI.  381 

enabling  the  animal  to  attach  itself  to  stones  and  rocks.  There 
is  no  ^r-bladder.  The  body  is  cylindrical,  compressed  towards 
the  tail,  and  destitute  of  scales.  The  skeleton  consists  of  a 
series  of  cartilaginous  rings  without  ribs. 

In  the  Myxiniita  the  mouth  is  circular,  membranous,  with 
eight  cinhi.  The  palate  carries  a  single  fang,  and  the  torigue 
is  armsd  with  a  double  row  of  small  teeth  on  each  side.  There 
may  be  seven  branchial  apertures  on  each  side  {Heptalrema), 
or  the  branchial  pouches  open  into  a  common  lube  on  each 
side,  and  each  of  diese  terminates  in  a  distinct  aperture  situated 
under  the  heart  on  the  lower  surface  of  the  body  {Gastra- 
branchtu).  The  Hags  pour  out  so  much  mucus  through  the 
lateral  line  that  they  can  surround  themselves  with  jelly;  hence 
the  name  of  the  common  species  {Myxme  glutinosa).  The 
Glutinous  Hag  is  a  native  of  the  North  and  British  seas,  and 
is  chiefly  found  in  the  interior  of  the  Cod  and  Haddock  (often 
five  or  six  individuals  in  one  fish). 


CHAPTER    LVL 

TELEOSTEI. 

Order  HI.  Teleostf.i,— This  order  includes  the  great  ma- 
jority of  fishes  in  which  there  is  a  well-ossified  endoskcleton, 
and  it  corresponds  very  nearly  with  Cuvier's  division  of  the 
"osseous"  fishes.  The  Tdeostei  are  defined  as  follows  : — The 
skeleton  is  usually  well  ossified;  the  cranium  is  provided  with 
cranial  bones ;  and  a  mandible  is  present ;  whilst  the  vertebral 
column  almost  always  consists  of  more  or  less  completely  ossi- 
-fied  vertebrfe.  The  pectoral  arcli  has  a  clavicle  ;  and  the  two 
pairs  of  limbs,  when  present,  are  in  the  form  of  fins  supported 
by  rays.  The  gilis  are  free,  pectinated  or  tufted  in  shape ;  a 
bony  gill-cover  and  branchiostegal  rays  being  always  devel- 
oped. •  The  branchial  artery  has  its  base  developed  into  a  bul- 
bus  arteriosus ;  but  this  is  never  rhydimically  contractile,  and 
is  separated  from  the  ventricle  by  no  more  than  a  single  row 
of  valves. 

The  order  Tekosiei  comprises  almost  all  the  common  fishes ; 
and  it  will  be  unnecessary  to  dilate  upon  their  structure,  as 
they  were  taken  as  the  types  of  the  class  in  giving  a  general 
description  of  the  Fishes.  It  may  be  as  well,  however,  to  recapi- 
tulate very  briefly  some  of  the  leading  characters  of  the  order. 
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I.  The  skeleton,  instead  of  remaining  throughout  life  more 
or  less  completely  cartilaginous,  is  now  always  more  or  less 
thoroughly  ossified.  The  notochord  is  not  persistent,  and  the 
vertebral  column,  though  sometimes  cartilaginous,  consists  of  a 
number  of  vertebrEe.  The  bodies  of  the  vertebra  are  what  is 
called  "  amphiccelous  " — tha  o  sa  hey  ae  on  ve  a 
both  ends.  It  follows  from  h  ha  be  een  e  h  pa  of 
vertebrae  there  is  formed  a  doub  y  on  cal  ca  and  h  s  s 
filled  with  the  cartilaginous  o  se  ge  atmous  en  a  ns  f  he 
notochord.  By  this  means  an  ex  rao  dma  y  an  oun  of  flex 
bility  is  given  to  the  entire  ve  eb  o  umn  In  no  fi  h  e\  ept 
the  Bony  Pike  (which  belongs  o  he  o  d  Ga  i/  )  s  he 
ossification  of  the  vertebral  en  a  carr  ed  fu  ther  an 
The  skull  is  of  an  extremely  omji  ed  n  e  be  ng  con 
posed  of  a  number  of  distin  n  a  bon  s  a  d  a  n  and  b 
or  lower  jaw  is  invariably  present 

II.  The  anterior  and  posterior  pairs  of  limbs  are  usually,  but 
not  always,  present,  and  when  developed  they  are  ahvays  in 
the  form  of  fins.  The  fins  may  be  supported  by  "  spinous  "  or 
"  soft  "  rays,  of  which  the  former  are  simple  undivided  spines 
of  bone,  whilst  the  latter  are  divided  transversely  into  a  num- 
ber of  short  transverse  pieces,  and  also  are  broken  up  into  a 
number  of  longitudinal  rays  proceeding  from  a  common 
root.  (The  Fishes  with  soft  rays  in  their  paired  fins  are 
termed  "Malacopierygii"- — those  with  spinous  rays,  "  Acan- 
ihop/erygii.") 

in.  Besides  the  paired  fins,  representing  the  limbs,  there  is 
a  variable  number  of  unpaired  or  azygous  integumentary  ex- 
pansions, which  are  known  as  the  "median  fins."  When  fully 
developed  (fig.  137),  they  consist  of  one  or  two  fins  on  the 
back — the  "dorsal"  fins;  one  or  two  on  the  ventral  surface — 
the  "  anal "  fins ;  and  one  clothing  the  posterior  extremity  of 
the  body^the  "caudal"  fin.  The  caudal  fin  is  set  vertically, 
and  not  horizontally,  as  in  die  Whales  and  Dolphins ,  and  in  ail 
the  bony  fishes  its  form  is  "  homocercal  "—that  is,  it  consists  of 
two  equal  lobes,  and  the  vertebral  column  is  not  prolonged 
into  the  superior  lobe.  In  all  the  median  fins  the  fin-rays  are 
supported  upon  a  series  of  dagger-shaped  bones,  whidi  are 
plunged  in  the  flesh  of  the  middle  line  of  the  body,  and  are 
attached  to  the  spinous  processes  of  the  vertebrje.  These  are 
the  so-called  "  interspinous  "  bones. 

IV.  The  heart  consists  of  two  chambers,  an  auricle  and  a 
ventricle,  and  the  branchial  artery  is  furnished  with  a  bulbus 
arteriosus.  The  arterial  bulb,  however,  is  not  furnished  with  a 
special  coat  of  striated  muscular  fibres,  is  not  rhythmically  con- 
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tractile,  and  is  separated  from  tlie  ventricle  by  no  more  than  a 
single  row  of  valves  (fig.  142,  A). 


Fig.  ■«.— A,  Httirt  of  the  Angler  (£fl/*i»i  thaslarii.!).    B,  Anetial  bulb 
Pilie  (Lej-idosleus-t  cul  open.     C,  Hcarl  of  the  same,  viewed  eilernally ;  a 


V.  The  respiratory  organs  consist  of  free,  pectinated,  or  tufted 
branchise,  situated  in  two  branchial  chanabers,  each  of  which 
communicates  internally  with  the  pharynx  by  a  series  of  clefts, 
and  opens  externally  on  the  side  of  the  neck  by  a  single  aper- 
ture (or  "  gill-slit "),  which  is  protected  in  front  by  a  bony  gill- 
cover,  and  is  also  closed  by  a  "  branchiost^al  membrane,"  sup- 
ported upon  "  branchiostegal  rays,"  The  branchife  are  attached 
to  a  series  of  bony  branchial  arches,  which  are  connected  in- 
feriorly  with  the  hyotd  bone  and  superiorly  with  the  skull ;  and 
the  water  required  in  respiration  is  taken  in  at  the  mouth  by  a 
process  analogous  to  swallowing. 

VI.  The  nasal  sacs  never  communicate  posteriorly  with  the 
cavity  of  the  pharynx. 

The  subdivisions  of  the  osseous  fishes  are  so  numerous,  and 
they  contain  so  many  families,  that  it  will  be  sufficient  to  run 
oVer  the  more  important  sub-orders,  and  to  mention  the  more 
familiar  examples  of  each. 

Sub-order  A.  Malacopteri,  Owen  ( =  Physostomata,  Miil- 
ler). — This  sub-order  is  defined  by  usually  possessing  a  com- 
plete set  of  fins,  supported  by  rays,  all  of  which  are  "■soft"  or 
many-jointed,  with  the  occasional  exception  of  the  first  rays  in 
the  dorsal  and  pectoral  fins.  A  swim-bladder  is  always  present, 
and  always  communicates  with  the  cesophagus  by  means  of  a 
duct,  which  is  the  homologue  of  the  windpipe.  The  skin  is 
rarely  naked,  and  is  mostly  furnished  with  cycloid  scales ;  but 
tn  some  cases  ganoid  plates  are  present. 

This  suh-order  is  one  of  great  importance,  as  comprising 
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many  well-known  and  useful  fishes.  It  is  divided  into  two 
groups,  according  as  ventral  fins  are  present  or  not.  In  the 
first  group — Apoda — there  are  no  ventral  fins;  and  the  most 
familiar  examples  are  the  common  Eels  of  our  oivn  counlrj'. 
The  Eels  {Murtenidte)  have  an  elongated,  almost  cylindrical, 
body,  with  the  scales  deeply  sunk  in  the  skin,  and  scarcely  ap- 
parent. A  swim-bladder  is  generally  present,  and  the  operculum 
is  small  and  mostly  enveloped  in  the  skin.  More  remarkable, 
however,  than  the  ordinary  Eeh  is  the  Gymnotiis  ekctriais_ 
or  great  Electric  Eel.  which  inhabits  the  marshy  waters 
of  those  wonderful  South  American  plains,  the  so-called 
"Llanos."     Thl'i   cxtiaordinary  fish   (fig     r.13)  is   from  five  to 


SIX  feet  m  len{,th  and  the  discharge  of  its  elettnuil  organs 
IS  sufficiently  powerlul  to  kill  e\cn  large  animals  The  fol- 
lowing striking  account  is  given  by  Humboldt  of  the  manner 
m  which  the  G}m>wft  are  captured  by  the  Indians.; — "A 
number  of  horses  and  mules  are  dnven  into  a  swamp  which  is 
closely  surrounded  by  Indi-ins  until  the  unusual  disturbance 
excites  the  danng  hsh  to  \entUTe  an  attack  Serpent-hke, 
they  arc  seen  swimmmg  along  the  surface  of  the  water,  striving 
cunningly  to  glide  under  the  bellies  of  the  horses.  By  the 
force  of  their  invisible  blows  numbers  of  the  poor  animals  are 
suddenly  prostrated ;  others,  snorting  and  panting,  their  manes 
erect,  their  eyes  wildly  flashing  terror,  rush  madly  from  the 
raging  storm ;  but  the  Indians,  armed  with  long  bamboo  staves, 
drive  them  back  into  the  midst  of  the  pool 

"  By  degrees  the  fury  of  this  unequal  contest  begins  to 
slacken,  Like  clouds  which  have  dischai^ed  their  electricity, 
the,  wearied  eels  disperse.  They  require  long  rest  and  nourish- 
ing food,  to  repair  the  galvanic  force  which  they  have  so 
lavishly  expended.  Their  shocks  gradually  become  weaker 
and  weaker.     Terrified  by  the  noise  of  the  trampling  horses, 
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they  timidly  approach  the  banks  of  the  morass,  i»here  they  are 
wounded  by  harpoons,  and  drawn  on  shore  by  non-conducting 
pieces  of  dry  wood. 

"  Such  is  the  remarkable  contest  between  horses  and  fish. 
That  which  constitutes  the  invisible  but  living  weapon  of  these 
inhabitants  of  the  waters — that  which,  awakened  by  the  con- 
tact of  moist  and  dissimilar  particles,  chculates  through  all  the 
Cleans  of  animals  and  plants — that  which,  flashing  amid  the 
roar  of  thunder,  illuminates  the  wide  canopy  of  heaven — which 
binds  iron  to  iron,  and  directs  the  silent  recuiring  course  of 
the  magnetic  needle — all,  like  the  refracted  lays  of  light,  flow 
from  one  common  source,  and  all  blend  together  into  one 
eternal  all-pervading  power." 

The  second  group  of  the  Malacopteri  is  that  of  the  Ahdemi- 
nalia,  in  which  there  are  ventral  fins,  and  these  aie  -abdominal 
in  position.  Space  will  not  permit  of  more  here  than  merely 
mentioning  that  in  this  section  are  contained  amongst  others 
the  well-known  and  important  groups  of  the  Clupeidm  (Herring 
Tribe),  the  Pikes  (Esocidd),  the  Carps,  Barbels,  Roach,  Chub, 
Minnow,  &c.  {Cyprinidm),  and  the  Salmonidai,  comprising  the 
various  species  of  Salmon  and  Trout  Also  belonging  to  this 
group  are  the  Sheat-fishes  (5iAirMte), which  are  chiefly  noticeable 
because  they  are  amongst  the  small  number  of  living  fishes  pos- 
sessed of  structures  of  the  same  nature  as  the  fossil  spines  known 
as  "  ichthyodorulites."  The  structure  in  question  consists  of 
the  first  ray  of  the  pectoral  fins,  which  is  largely  developed,  and 
constitutes  a  formidable  spine,  which  the  animal  can  erect  and 
depress  at  pleasure.  Unlike  the  old  "  ichthyodorulites,"  how- 
ever, the  spines  of  the  Silurid<B  have  their  bases  modified 
for  articulation  with  another  bone,  and  they  are  not  simply 
hollow  and  implanted  in  the  flesh.  The  "  Siluroids"  are  also 
remarkable  for  their  resemblance  to  certain  of  the  extinct 
ganoid  fishes  {e.g.,  Pterkhthys,  Coccosteus,  &c.),  caused  by  the 
fact  that  the  head  is  protected  with  an  exoskeleton  of  dermal 
bones.  The  largest  European  species  is  the  Silurus  giants  of 
the  Swiss  lakes,  and  of  various  European  rivers.  Another 
remarkable  member  of  this  family  is  the  Malapferurus  of  the 
Nile  and  west  coast  of  Africa,  which  is  endowed  with  electrical 
powers. 

SuB-oRDEK  B.  ANACANTHisi.-^This  sub-ordcr  is  distin- 
guished by  the  fact  that  the  fins  are  entirely  supported  by 
"  soft"  rays,  and  never  possess  "spiny"  rays  ;  whilst  the  ven- 
tral fins  are  either  wanting,  or,  if  present,  are  placed  under  the 
throat,  beneath  or  in  advance  of  the  pectorals,  and  supported 
by  the  pectoral  arch.     The  swim-bladder  may  be  wanting,  but 
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when  present  it  does  not  communicate  with  the  cesophagus  by 

As  io  the  preceding  order,  the  Antuantkini  are  divided  into 
two  groups,  distinguislied  by  the  presence  or  absence  of  the 
ventral  fins.  In  the  first  of  tliese  groups  {Apoda)  are  only  3. 
few  fishes,  of  which  one  of  the  most  familiar  examples  is  the 
little  Sand-eel  {Ammodytes  lamea),  which  occurs  on  all  our 
coasts.  In  the  second  group  [Stib-bracAiaid)  in  which  ventral 
fins  exist,  are  the  two  important  families  of  the  Gaduice  and 
Plmronectida.  The  Gadida  or  Cod  family,  comprising  the 
Haddock,  Whiting,  Ling,  and  Cod  itself,  is  of  great  value  to 
man,  most  of  its  members  being  largely  consumed  as  food.  In 
the  PleuronedidcB  or  Flat-fishes  are  comprised  the  Sole,  Plaice, 
Turbot,  Halibut,  Brill,  atid  others,  in  all  of  which  there  is  a 
very  curious  modification  in  the  form  of  the  body.  The  body, 
nanaely,  in  all  the  Flat-fishes  {fig.  144)  is  very  much  compressed 


(after  GoKe). 


from  side  to  side,  and  is  bordered  by  long  dorsal  and  anal  fins. 
The  bones  of  the  head  are  twisted  in  such  a  manner  that  the 
two  eyes  are  both  brought  to  one  side  of  the  body,  which  is 
sometimes  the  right  side,  sometimes  the  left.  The  fish  usually 
keeps  this  side  uppermost,  and  is  dark-coloured  on  this  aspect ; 
whilst  the  opposite  side,  on  which  it  rests,  is  white.  From  this 
habit  of  the  Flat-fishes  of  resting  upon  one  flat  surface,  the 
sides  are  often  looked  upon  as  the  dorsal  and  ventral  surfaces 
of  the  body.  This,  however,  is  erroneous,  as  they  are  shown 
by  the  position  of  the  paired  fins  to  be  truly  the  lateral  surfaces 
of  the  body.  The  mouth  has  its  two  sides  unequal,  the  pec- 
torals are  rarely  of  the  same  size,  the  ventrals  look  like  a  con- 
tinuation of  the  anal  fin,  and  the  branchiostegal  rays  are  six  in 
number. 
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Sob-order  C.  Acanthopteri. — This  sub-order  is  charac- 
terised by  the  fact  that  one  or  more  of  the  first  rays  in  the 
fins  are  in  the  form  of  true,  unjointed,  inflexible,  "  spiny  "  rays. 
The  exoskeleton  consists,  as  a  rule,  of  ctenoid  scales.  I'he 
ventral  fins  are  generally  beneath  or  in  advance  of  the  pectorals, 
and  the  duct  of  the  swim-bladder  is  invariably  obliterated. 

This  sub-order  comprises  two  families  : — 

a.  The  Pharyngognathi,  in  which  the  inferior  pharyngeal 
bones  are  anchylosed  so  as  to  form  a  single  bone,  which  is 
usually  armed  with  teeth.  The  family  is  not  of  much  import- 
ance, the  only  familiar  fishes  belonging  to  it  being  the  "  Wrasses  " 


.  The  Acanthopteri  veri,  characterised  by  having  ahvays 
spiny  ny^  in  the  first  dorsal  fin,  and  usually  in  the  first  rays  of 
the  other  fins,  whilst  the  inferior  pharyngeal  bones  are  never 
anchylosed  into  a  single  mass.  This  femily  includes  many 
subordinate  groups,  and  may  be  regarded  as,  on  the  whole, 
the  most  typical  division  of  the  Teleostean  fishes.  It  will  not 
be  necessary,  however,  to  do  more  than  mention  as  amongst 
the  more  important  fishes  contained  in  it,  the  Perch  family 
(Penidd),  the  Mullets  {Mugilidm),  the  Mackerel  family  (Scotn- 
beridm),  the  Gurnards  (Sclerogattda),  the  Gobies  (Gobiida),  the 
Blennies  {Blenniidd),  and  the  Anglers  (Loplmdd).  The  Per- 
cidce  form  by  far  the  most  important  member  of  this  group,  and 
are  distinguished  by  having  ctenoid  scales,  the  operculum  and 
pKe-operculum  variously  armed  with  spines,  teeth  on  the  vomer 
and  palate  as  well  as  on  the  jaws,  and  the  branchiostegal  rays 
firom  five  to  seven  in  number. 

Sub-order  D.  Plectognathi.— This  sub-order  is  charac- 
terised by  the  fact  that  the  maxillary  and  premaxillary  bones 


are  immovably  connected  on  each  side  of  the  jaw.  The  endo- 
skeleton  is  only  partially  ossified,  and  the  vertebral  column 
often  remains  permanently  cartilaginous.     The  exoskeleton  is 
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in  the  form  of  ganoid  plates,  scales,  or  spines.     The  ventral 
fins  are  generally  wanting,  and  the  air-bladder  is  destitute  of  a 

The  most  remarkable  fishes  of  this  section  are  the  Trank- 
fishes  (Oslradontida,  fig.  145),  in  which  the  body  is  entirely 
enclosed,  with  the  exception  of  the  tail,  in  an  immovable  case, 
composed  of  large  ganoid  plates,  firmly  united  to  one  another 
at  tjieir  edges. 

Besides  the  Trunk-fishes,  this  section  also  includes  the  File- 
fishes  {Balisiid^)  and  tjie  Globe-fishes  {Gymiwdoiitid^). 

Sub-order  E.  Lophobranchii. — This  is  a  small  and  unim- 
portant group,  mainly  characterised  by  the  peculiar  structure  of 
the  giils,  which  are  arranged  in  little  tufts  upon  the  branchial 
arches,  instead  of  the  comb-like  plates  of  the  typical  bony  fishes. 
The  endoskeleton  is  only  partially  converted  into  bone,  and  the 
exoskeleton,  by  way  of  compensation,  consists  of  ganoid  plates. 
The  swim-bladder  is  destitute  of  an  air-duct. 

The  singular  Sea-horses  {Hippocampidce),  now  kept  in  most  of 
our  larg«  aquaria,  belong  to  this  sub-order,  but  the  only  point 
about  them  which  requires  notice  is  the  cuiions  fact  that  the 
males  in  this  family  are  provided  with  a  sort  of  marsupial  pouch, 
into  which  the  eggs  are  placed  by  the  female,  and  to  which  the 
young,  when  hatched,  can  retire  if  threatened  by  any  danger. 
This  singular  cavity  is  only  found  in  the  males,  and  is  situated 
at  the  base  of  the  tail.  More  familiar  tlian  the  Sea-horses  are 
the  Pipe-fishes  {Syngnathida),  of  which  one  species  occius  com- 
monly on  our  shores. 


CHAPTER    LVII. 
GANOIDEI. 

Order  IV.  Ganoidei. — The  fourth  order  of  fishes  is  the 
large  and  important  one  of  the  Ganoid  fishes,  represented,  it 
is  true,  by  few  living  forms,  but  having  an  enonnous  develop- 
ment in  past  geological  epochs.  For  this  reason  the  study  of 
the  Ganoid  fishes  is  one  which  claims  considerable  attention. 

The  order  Gamidei  may  be  defined  by  the  following  charac- 
ters:— The  endoskeleton  is  only  partially  ossified,  the  verte- 
bral column  mostly  remaining  cartilaginous  throughout  life, 
especially  amongst  the  extinct  forms  of  the  Pateozoic  period, 
in  which  the  notochord  is  persistent     The  skull  is  furnished 
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With  distinct  cranial  bones,  and  the  lower  jaw  is  present  The 
exoskeleton  is  in  the  form  of  ganoid  scales,  plates,  or  spines. 
There  are  usually  two  pairs  of  limbs,  in  the  form  of  fins,  each 
supported  by  fin-rays.  The  first  rays  of  the  fins  are  mostly  in 
the  form  of  strong  spines.  The  pectoral  arch  has  a  clavicle,  and 
the  posterior  limbs  (ventral  fins)  are  placed  close  to  the  anus. 
The  caudal  fin  is  mostly  unsymmetrical  or  "  heterocercal."  The 
swim-bladder  is  always  present,  is  often  cellular,  and  is  provided 
with  an  air-duct  The  intestine  is  often  furnished  with  a  spiral 
valve.  The  gills  and  opercular  apparatus  are  essentially  the 
same  as  in  the  Bony  fishes.  The  heart  has  one  auricle  and  a 
ventricle,  and  the  base  of  the  branchial  artery  is  dilated  into  a 
bulbus  arteriosus,  which  is  rhythmically  contractile,  is  furnished 
with  a  distinct  coat  of  striated  muscular  fibres,  and  is  provided 
with  several  transverse  rows  of  valves. 

Of  these  characters,  the  ones  which  it  is  most  important  to 
remember  are  the  fallowing  : — 

I.  The  endoskdeton  is  rarely  thoroughly  ossified,  but  varies  a 
good  deal  as  to  the  extent  to  which  ossification  is  carried.  In 
some  forms,  including  most  of  the  older  members  of  the  order, 
the  chorda  dorsaJis  is  persistent,  no  vertebral  centra  are  de- 
veloped, and  the  skull  is  cartilaginous,  and  is  protected  by 
ganoid  plates.  Even  in  these  forms,  however,  the  peripheml 
elements  of  the  vertebrie  are  ossified.  In  others,  the  bodies  of 
the  vertebrK  are  marked  out  by  osseous  or  semi-cartilaginous 
rings,  enclosing  the  primitive  matter  of  the  notochord.  In 
others,  tlie  vertebrse  are  like  those  of  the  Bony  fishes — that  is 
to  say,  deeply  biconcave  or  "  amphiccelous."  In  one  Ganoid, 
however — the  Bony  Pike  (Lepidosteus) — the  vertebral  column 
consists  of  a  series  of  "  opisthoccelous  "  vertebrfe, — that  is  to 
say,  vertebrse  which  are  convex  in  front  and  concave  behind. 
This  is  the  highest  point  of  development  reached  in  the  spinal 
colunm  of  any  fish,  and  its  structure  is  more  Reptilian  than 
Piscine. 

II.  The  exoskddon  consists  in  all  Ganoid  fishes  of  scales, 
plates,  or  spines,  which  are  said  to  possess  ganoid  characters. 
The  peculiarities  of  these  scales  are  that  they  are  composed  of 
t\vo  distinct  layers — an  inferior  layer  of  bone  and  a  superficial 
covering  of  a  kind  of  enamel,  somewhat  similar  to  the  enamel 
of  the  teeth,  called  "ganoine."  In  form  the  ganoid  scales 
most  generally  exhibit  themselves  as  rhomboidal  plates,  placed 
edge  to  edge,  without  overlapping,  in  oblique  rows,  the  plates 
of  each  row  being  often  articulated  to  those  of  the  next  by  dis- 
tinct processes  (fig.  132,  d).  In  other  cases  the  ganoid  stnic- 
ture.s  are  simply  in  the  fonn  of  detached  plates,  tiibercies,  or 
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spines;  and  in  some  cases  their  i-:^a/i; is  even  undistiriguishable 
from  tlie  horny  scales  of  the  typical  Teleostean  fishes.  In  all 
cases,  however,  whatever  their  form  may  be,  they  have  the  dis- 
tinctive ganoid  structure,  being  composed  of  an  inferior  layer 
of  true  bone  and  a  superior  layer  of  enamel.  It  is  to  be  re- 
membered, however,  that  these  ganoid  plates  and  scales  are 
not  confined  to  the  fishes  of  the  order  Ganotdd,  but  that  they 
occur  in  two  sub-orders  of  the  Bony  fishes — namely,  the  Pkc- 
togtiathi  and  Lophobrafichii — and  in  some  others  of  the  Tekosh, 

III.  As  to  the_^/«,both  pectorals  and  ventrals  are  usually  pre- 
sent, and  theventrals  are  always  placed  far  back  in  the  neighbour- 
hood of  the  anus,  and  are  never  situated  in  the  inmiediate  vicinity 
of  the  pectorals.  In  some  living  and  many  extinct  forms  the  fin- 
rays  of  the  paired  fins  are  arranged  so  as  to  form  a  fringe  round 
a  central  lobe  (fig.  146).  Jhis  structure  characterises  a  division 
of  Ganoidscalledby  Huxley,  for  this  reason,  Crossopterygida,<it 
"  fringe-finned,"  The  form  of  the  caudal  fin  varies,  the  Ganoids 
being  in  this  respect  intermediate  between  the  Bony  fishes,  in 
which  the  tail  is  "  homocercal,"  and  the  Sharks  and  Rays,  in 
which  there  is  a  "  heterocercal "  caudal  fin.  In  the  majority 
of  Ganoids,  then,  the  tail  is  unsymmetrical  or  "heterocercal," 
but  it  is  sometimes  equi-lobed  or  "homocercal" 

IV.  As  to  the  structure  of  the  respiratory  organs,  the  Ganoid 
fishes  agree  essentially  with  the  Bony  fishes.  They  all  possess 
free  pectinated  gills  attached  to  branchial  arches,  and  enclosed 
in  a  branchial  chamber,  which  is  protected  by  an  operculum, 
and  is  closed  by  a  branchiostegal  membrane,  usually  supported 
by  branchiostegal  rays.  Besides  the  ordinary  hranchi?e  there 
is  fi^queiitlyan  additional  gill,  called  the  "opcvciilarbranchia," 
attached  to  the  interior  of  each  operculum,  and  below  this 
a  false  gill  or  "  pseudo-branchia,"  which  receives  arterialised 
blood  only. 

V.  There  is  always  a  swim-bladder,  which  is  often  divided 
by  partitions  into  several  cells,  and  is  always  connected  with 
the  gullet  by  an  air-duct,  as  in  the  Malacopterous  division  of 
the  Teleostean  fishes. 

VI.  As  to  the  structure  of  the  heart,  the  Ganoids  differ  from 
the  Bony  fishes,  and  agree  with  the  Sharks  and  Rays  in  having 
a  rhythmically  contractile  bulbus  arteriosus,  which  is  furnished 
with  a  special  coat  of  striated  muscular  fibres,  and  is  separated 
from  the  ventricle  by  several  rows  of  valves  (fig.  142,  B,  C). 
This  is  a  decided  advance  in  structure,  as  in  tins  way  the  ar- 
terial bulb  is  enabled  to  act  as  a  continuation  of  the  ventricle, 

VII.  The  intestine  is  often  furnished  with  a  spiral  redupli- 
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cation  of  its  mucous  membrane,  forming  a  spiral  valve,  such  as 
we  shall  afterwards  see  in  the  Sharks  and  Rays. 

The  order  of  the  Ganoid  fishes  is  divided  by  Owen  into  the 
two  divisions  of  tiie  LepidoganotJei  and  the  Placoganoidei.  The 
best-known  living  fishes  belonging  to  the  Lepidoganoids  are  the 
Bony  Pike  and  the  Polypterus.  The  Bony  Pike  (Leptdosteus) 
inhabits  the  rivers  and  lakes  of  North  America,  and  attains  a 
length  of  several  feet.  The  body  is  entirely  dothed  with  an 
armour  of  ganoid  scales,  arranged  in  obliquely  transverse  rows. 
The  vertebral  column  is  exceedingly  well  ossified,  and  is  rep- 
tilian in  its  characters,  the  bodies  of  the  vertebrse  being  "  opis- 
thoccelous."  The  jaws  form  a  long  narrow  snout,  armed  with 
a  double  series  of  teeth  ;  and  tlie  tail  is  hetcrocercal. 


The  Polypkri,  of  which  several  species  are  known,  inhabit 
the  Nile,  Senegal,  and  other  African  rivers,  and  are.  remarkable 
for  the  peculiar  structure  of  the  dorsal  fin  (fig.  146,  A),  which 
is  broken  up  into  a  number  of  separate  portions,  each  composed 
of  a  single  spine  in  front,  with  a  soft  fin  attached  to  it  behind. 
Two  species  ai  Polypterus  have  recently  been  stated  to  possess 
«:ferfla/ branchiEE  when  young,  losing  them  when  fully  grown. 
This  observation,  if  confirmed,  will  bring  the  Ganoids  into  a 
nearer  relationship  with  the  Mud-fishes  (Lepidosiren).  Another 
group  of  Lepidoganoids  is  formed  by  the  Trout-like  Amia  of 
tlie  fresh  waters  of  the  United  States. 

The  section  Placoganoidei  ii'cludes  the  largest  and  best  known 
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of  all  the  living  Ganoid  fishes— namely,  the  Stut^eons— and  it 
also  contains  some  highly  singular  fossil  forms.  Tlie  sub-ordc-r 
is  defined  by  the  fact  that  the  skeleton  is  always  imperfectly 
ossified,  and  often  retains  the  notochord,  whilst  the  head  and 
more  or  less  of  the  body  are  protected  by  large  ganoid  plates, 
which  in  many  cases  are  united  together  at  their  edges  by 
sutures.     The  tail  is  heterocercal. 

The  family  Sturionida  comprises  the  various  species  of  Stur- 
geon, which  are  found  in  the  North,  Black,  and  Caspian  seas, 
whence  they  ascend  the  great  rivers  for  the  purpose  of  spawn- 
ing. Other  allied  forms  are  peculiar  to  the  North  American 
-continent  {e.g.,  the  Paddle-fish,  Spatularia).  The  vertebral 
column  in  the  Sturgeon  remains  permanently  in  an  embryonic 
condition.  The  notochord  is  persistent,  and  the  vertebral 
centra  are  wanting,  but  the  neural  arches  of  the  vertebra  reach 
the  condition  of  cartilage.  The  mouth  is  destitute  of  teeth, 
and  the  head  is  covered  with  an  armour  of  large  ganoid  plates 
joined  together  at  their  edges  by  suture.  Rows  of  detached 
ganoid  plates  also  occur  on  the  body.  The  various  species  of 
Sturgeon  attain  a  great  size,  one— the  Beluga— often  measur- 
ing twelve  or  fifteen  feet  in  length.  They  are  commercially  of 
considerable  importance,  the  swimming-bladder  yielding  most 
of  the  isinglass  of  commerce,  whilst  the  roe  is  largely  employed 
as  a  delicacy  under  the  name  o{  caviare. 

Two  or  three  fossil  forms  belonging  to  the  SturionidiB  are  all 
that  are  at  present  known  ;  and  by  far  the  greater  number  of 
extinct  Placoganoids  belong  to  the  family  Ostracostei,  estab- 
lished by  Owen,  and  characterised  by  the  fact  that  the  head, 
and  generally  the  anterior  part  of  the  trunk  as  well,  was  encased 
in  a  strong  armour  composed  of  numerous  large  ganoid  plates, 
immovably  joined  to  one  another.  The  posterior  extremity  of 
the  body  was  more  or  less  completely  unprotected,  and,  whilst 
the  notochord  was  persistent,  the  peripheral  elements  of  the 
vertebrae — namely,  the  neural  and  hsemal  spines — were  ossified. 
The  following  are  the  more  remarkable  forms  belonging  to  this 
section  :— 

a.  Pterichthys. — ^This  is  one  of  the  most  singular  of  fossil 
fishes,  and  was  first  discovered  in  the  Old  Red  Sandstone  by 
the  late  Hugh  Miller.  TJie  whole  of  the  head  and  tlie  anterior 
part  of  the  trunk  were  defended  by  a  buckler  of  large  ganoid 
plates,  those  covering  the  trunk  forming  a  back-plate  and  a 
breast-plate,  articulated  together  at  the  sides. 

The  rest  of  the  body  was  covered  with  small  ganoid  scales 
(fig.  148).  A  small  dorsal  fin,  a  pair  of  ventrals,  a  pair  of  pec- 
torals, and  a  heterocercal  tail-fin  were  present.     The  form  of 
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the  pectoral  fins  is  the  peculiar  characteristic  of  the  Pterichfhys. 
These  were  in  the  form  of  two  long  curved  spines,  something 
like  wings,  covered  by  finely-tuberculated  ganoid  plates.  From 
their  form,  they  cannot  have  been  of  much  use  in  swimming ; 
but  they  probably,  as  su^ested  by  Owen,  enabled  the  fish  to 
shuffle  along  the  sandy  bottom  of  the  sea,  if  left  dry  at  low 

b.  Pleraspis. — In  most  respects  this  genus  was  not  unlike 
Pterichthys,  but  it  did  not  possess  the  peculiar  pectoral  fins  of 
the  latter.  One  species  of  Pteraspis  has  been  found  in  the 
Upper  Silurian  Rocks  (Ludlow),  aiid  is  as  yet  one  of  the  earliest 
known  indications  of  the  appearance  of  the  great  sub-kingdom 
Verfebrafa  upon  the  globe. 

■  spis  (fig.  147).     This,  agam,  is  not  uniike  Ptauh- 
iny  respects.      The  cephalic  bucklet,   howiv-i-    has 


its  posterior  angles  produced  backwards,  so  as  to  give  it  the 
shape  of  a  "  saddler's  knife,"  whilst  the  pectoral  limbs  have  not 
the  form  of  spines. 

d.    Coceastms   (fig.    148). —This    is   anather  thiracteristic 


Fig.  113.— I.  Cxmlcas  daipUas;  i   PUnchthis  M  lien 

genus  of  the  Old  Red  Sandstone.     In  this  genus  as  in  the 
preceding,  there  is  a  cephalic  buckler,  the  plates  of  which  ale 
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covered  with  small  hemispherical  tubercles.  The  notochord 
was  persistent,  but  the  neural  ard  hfemal  spines,  and  the  rays 
of  the  dorsal  and  ventral  fins,  are  well  ossified.  A  large  heter- 
ocercal  tail-fin  was  doubtless  present  as  well. 


CHAPTER   LVIII. 

ELASMOBRANCHII  AND  DIPNOI. 

Order  V  Elasmobranchii  (  =  Sdaehia,  Miiller;  Placotiki, 
\gassiz  Holocephali  and  Plagiastomi,  Owen). — This  order  in- 
cludes the  Sharks,  Rays,  and  Chunssne,  and  corresponds  with 
the  greater  and  most  typical  portion  of  the  Choiidropkrygida  or 
Cartilaginous  fishes  of  Cuvier.  The  order  is  distinguished  by 
the  following  characters : — The  skull  and  lower  jaw  are  well 
developed  but  there  are  no  cranial  bones,  and  the  skull  con- 
s  sts  of  a  single  cartiSaginous  box  without  any  indication  of 
sutures  The  vertebral  column  s  sometimes  composed  of  dis- 
tmct  vertebra  son  etmes  cartilaginous  or  sub-notochotdal.  The 
exoskeleton  s  n  the  fon  i  of  placo  d  granules,  tubercles,  or 
spines  There  are  t  vo  pa  r  of  fin  representing  the  limbs, 
and  supported  by  cart  lag  nous  f  ys  ;  and  the  ventral  fins 
are  placed  fir  back  near  tl  e  inus  Ihe  pectoral  arch  has  no 
clavicle.  Ihe  htart  consists  of  a  smgle  auricle  and  ventricle, 
and  the  bulbus  arteriosus  is  rJiythmically  contractile,  is  pro- 
vided with  a  special  coat  of  striated  muscular  fibres,  and  is 
furnished  wiih  several  transverse  rows  of  valves.  The  gills  are 
pouch-like. 

In  most  of  the  above  characters  it  will  be  seen  at  once  that 
the  Elasmobranchii  agree  with  the  Ganoid  fishes,  especially  as 
regards  the  structure  of  the  heart.  The  following  points  of 
difference,  however,  require  more  special  notice ; — 

I.  The  exoskeleton  is  what  is  called  by  Agassiz  "placoid." 
It  consists,  namely,  of  no  continuous  covering  of  scales  or 
ganoid  plates,  but  of  more  or  less  numerous  detached  grains, 

ube  le  r  spines,  composed  of  bony  matter,  and  scattered 
h  nd    here  in  the  integument.     In  the  case  of  the  Rays, 

h        pi      id  ossifications  often  take  a  very  singular  shape, 
(fig.  132,  c)  of  an  osseous  or  cartilaginous  disc,  from 
I       pp        urface  of  which  springs  a  sharp  recurved  spine, 
n  p      d  of  dentine. 

II.  The  gills  are  fixed  arid  pouch-like,  and  ditfer  veiy  mate- 
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rially  from  those  of  the  Bony  and  Ganoid  fishes.  In  the  case 
of  the  Sharks  and  Rays,  the  structure  of  the  giUs  is  as  follows: 
— The  branchial  arches  are  fixed,  and  the  branchial  lamioiB 
are  not  only  attached  by  their  bases  to  the  branchial  arches, 
but  are  also  fixed  by  the  whole  of  one  nnai^in  to  a  series  of 
partitions,  which  divide  the  branchial  chamber  into  a  number 
of  distinct  pouches  {fig.  149).  Each  partition,  therefore,  car- 
ries a  series  of  branchial  lamina  attached  to  each  side  hke 
the  leaves  of  a  book.  By  means  of  these  septa  a  series  of 
branchial  sacs  or  pouches  are  formed,  each  of  which  opens 
internally  into  the  pharynx  by  a  separate  slit,  and  communi- 
cates externally  with  the  water  by  a  separate  aperture  placed 
on  the  side  of  the  neck  (fig.  149,  B).  The  arrangement  of  the 
gills  being  such,  there  is,  of  course,  no  gill-cover,  and  no  bran- 
chiostega!  membrane  or  rays.  In  one  section  of  the  order, 
however — viz.,  the  .ffc/tJif^^(t//— though  the  internal  structure 
of  the  gills  is  the  same  as  the  above,  there  is  only  a  single 
branchial  aperture  or  gill-slit  externally,  and  this  is  protected 
by  a  rudimentary  operculum  and  branchiostegal  rays. 


Fig.  140  —A,  Head  of  Piktd  Dogfish  {Spi^ij,  shcuving  ihe  Iransvetse  mouth  on 
(he  under  surface  of  the  head,  and  lh=  apertures  of  the  gill-pouches.  B,  Diagram 
of  ihe  structure  of  the  eilllionche! ;  00  Eslernal  apenurea;  ii  Aperlutcs  Itading 
into  llie  phatynx  ;  s  i  GUl-ncs,  coolaiiiiug  the  fixed  gills. 

III.  Another  character  in  the  Elasmobranchii,  shared,  how- 
ever, by  many  of  the  Ganoids,  is  the  structure  of  the  intestinal 
canal.  The  intestine  is  extremely  short;  but,  to  compensate 
for  this,  there  is  a  peculiar  folding  of  the  mucous  membrane, 
constituting  what  is  known  as  the  "  spiral  valve."  The  mucous 
membrane,  namely,  from  the  pylorus  to  the  anal  aperture,  is 
folded  into  a  spiral  reduplication,  which  winds  in  close  coils 
round  the  intestine,  like  the  turns  of  a  screw.  By  this  means 
the  absorptive  surface  of  the  intestine  is  enormously  increased, 
and  its  sliortness  is  thus  compensated  for. 

The  order  Elasmobranchii  is  divided  into  two  sub-orders — 
the  Holocefhali,  characterised  by  the  mouth  being  terminal  in 
position,  and  there  being  only  a  single  gill-slit ;  and  the  Fiagio- 
stotni,  in  -which  the  mouth  is  transverse,  and  placed  on  the 
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under  surface  of  the  head  (fig.  149,  A),  and  there  are  sevenb 
branchial  apertures  on  each  side  of  the  neck. 

SuB-OKDER  A.  HoLocEPHALi. — This  sub-order  includes  cer- 
tain curious  fishes,  of  which  the  only  living  forms  are  the 
Chim^ridm.  The  notochord  is  persistent ;  but  the  neural 
arches  and  transverse  processes  are  cartilaginous.  TJie  jaws 
are  bony,  and  are  covered  by  broad  plates  representing  the 
teeth.  The  exoskeleton  consists  of  placoid  granules.  The 
first  ray  of  the  anterior  dorsal  fin  is  in  the  form  of  a  powerful 
defensive  spine,  like  the  "  ichthyodorulites "  of  many  fossil 
fishes.  The  ventral  fins  are  abdominal,  and  the  tail  is  hetero- 
cerca!.  There  is  only  a  single  external  gill-aperture,  covered 
with  a  gili-cover  and  branch iostegal  membrane ;  but  only  a 
small  portion  of  the  borders  of  the  branchial  lamina  is  free. 
The  mouth  is  placed  at  the  extremity  of  the  head. 

The  best-known  living  representative  of  the  sub-order  is  the 
Chimmra  momtrosa  (fig.    150,   B),   commonly  known  as  the 


"king  of  the  Herrings."      In  Chijnara  there  is  only  one  ap- 
parent gill-slit,  but  the  gills  really  adhere  to  the  integument  by 
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a  large  portion  of  tkeir  borders,  and  there  are  consequently 
five  holes  communicating  with  the  gill'slit.  A  rudimentary 
operculum  is  present,  covered  by  the  skin.  In  the  closely- 
allied  CaUorhynchus  from  the  South  Seas,  there  is  a  large  fleshy 
appendage  at  the  end  of  the  snout.  In  the  Secondary  and 
Tertiary  Rocks,  are  found  several  fossil  forms,  constituting  the 
genera  Edaplwdus,  Elasmodus,  and  Ischwdus. 

SuB-ORDtR  B,  PLAGiosTOMi.-^This  sub-order  is  of  consider- 
ably greater  importance,  as  it  includes  the  well-known  Sharks 
and  Rays,  The  vertebral  centra  are  usually  more  or  less  ossi- 
fied, and  even  when  quite  cartilaginous,  the  centra  are  marked 
out  by  distinct  rings.  The  skull  is  in  the  form  of  a  cartila- 
ginous capsule,  without  distinct  cranial  bones.  The  mouth  is 
transverse,  and  is  placed  on  the  under  surface  of  the  head  (fig. 
149,  A).  The  exoskeleton  consists  of  placoid  granules,  tuber- 
cles, or  spines.  The  branchial  sacs  open  externally  by  as 
many  distinct  apertures  as  there  are  sacs,  and  there  is  no  oper- 
culum. A  pair  of  tubes  proceed  fi^om  the  pharynx  to  open 
on  the  upper  surface  of  the  head  by  two  apertures,  which  are 
termed  "  spiracles."  By  means  of  these  water  can  be  admitted 
to  the  pharynx,  and  thence  to  the  gills. 

By  Professor  Owen  the  Plagiostomi  are  divided  into  three 
sections,  termed  respectively  the  Cestraphori,  the  Selachii,  and 
the  Batidcs. 

a.  Cestraphori. — In  this  division  there  is  a  strong  spine  in 
front  of  each  dorsal  iin,  and  the  back  teeth  are  obtuse.  The 
only  living  representative  of  this  group  is  the  Port  Jackson 
Shark  {Cestraeion  Philippi),  characterised  by  its  pavement  of 
plate-like  crushing  teeth,  adapted  for  comminuting  small  Mol- 
luscs and  Crustaceans.  It  is  exclusively  an  inhabitant  of  the 
Australian  seas,  and  is  remarkable  for  its  close  resemblance  to 
a  large  group  of  extinct  forms,  of  which  the  best  known  are 
the  genera. /fylttdus  and  Acrodns  from  the  Secondary  Rocks. 

b.  Sdachii.—Th.\%  group  comprises  the  formidable  Sharks 
and  Dog-fishes,  and  is  characterised  by  the  lateral  position  of 
the  branchife  on  the  side  of  the  neck,  and  by  the  fact  that  the 
pectoral  fins  have  their  ordinary  form  and  position.  The  Dog- 
fishes are  of  common  occurrence  in  British  seas,  but  are  of 
little  value.  Their  egg-cases  are  frequently  cast  up  on  our 
shores,  and  are  familiarly  known  as  "  Mermaid's  purses."  The 
true  Sharks  are  not  infrequently  fotmd  in  various  European 
seas,  but  they  ate  mosdy  inhabitants  of  warmer  waters.  One 
of  the  largest  is  the  "White  Shark"  {Carcharias  vulgaris), 
which  attains  a  length  of  over  thirty  feet  {fig.  150,  A).  The 
body  in  the  Sliarks  (Sqitalidm)  is  not  rhomboidal,  but  is  elon- 
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gated;  the  nostrils  are  placed  on  tlie  under  side  of  the  snont, 
and  the  teeth  are  arranged  in  several  rows,  of  which  the  outer- 
most alone  is  employed,  the  inner  ones  serving  to  replace  the 
former  when  worn  out. 

c.  £atides.—T'a\fi  group  includes  the  Rays  and  Skates,  and 
is  distinguished  by  the  fact  that  the  branchial  apertures  are 
placed  on  the  under  surface  of  the  body,  forming  two  rows  of 
openings  a  little  behind  the 
mouth.  In  the  typical  mem- 
bers of  the  group,  the  body 
is  flattened  out  so  as  to  form 
a  kind  of  rhomboidal  disc 
{fig.  151),  the  greater  part  of 
which  is  made  up  of  the 
enormously- developed  pec- 
toral fins.  Upon  the  upper 
surface  of  the  disc  are  the 
eyes  and  spiracles ;  upon 
the  lower  surface  are  the 
nostrils,  mouth,  and  bran- 
chial apertures.  The  flat- 
tened bodies  of  the  Rays, 
however,  must  be  carefully 
distinguished  from  those  of 
the  Flat-fishes  {Pkuronec- 
tida).  In  the  former,  the 
.,  one  of  flat  surfaces  of  the  body  are 
<*^  truly  the  dorsal  and  ventral 
surfaces.  In  the  latter,  as 
before  remarked,  the  body  is  flattened,  not  from  above  down- 
wards, but  from  side  to  side,  and  the  head  is  so  twisted  that 
both  eyes  are  brought  to  one  side  of  the  body,  T!ie  tail  in 
the  Rays  is  long  and  slender,  usually  armed  with  spines,  and 
generally  with  two  or  three  fins  {the  honiologues  of  the  dorsal 
fins).  The  mouth  is  paved  with  flat  teeth  of  a  more  or  less 
rhomboidal  shape. 

The  typical  members  of  the  Batides  are  the  Skates  and 
Rays,  of  which  the  common  Thomback  {Raia  elavata)  may 
be  taken  as  a  familiar  example.  More  remarkable  than  the 
common  Rays  is  the  Electric  Ray  or  Torpedo,  which  has  the 
power  of  discharging  electrical  shocks,  if  irritated.  The  identity 
of  the  force  produced  in  this  way  with  the  electricity  of  the 
machine  has  been  demonstrated  by  many  careful  exijerimenis. 
The  Torpedo  owes  its  remarkable  powers  to  two  special  organs 
— the  "  electrical  organs,"  which  consist  of  two  masses  i>laced  on 
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each  side  of  the  head,  and  consisting  each  of  numerous  vertical 
gelatinous  columns,  separated  by  membranous  septa,  and  richly 
hirnished  with  nerves  from  the  eighth  pair;  the  whole  arrange- 
ment presenting  a  singular  resemblance  to  the  cells  of  a. voltaic 
battery.  There  is  no  doubt,  however,  but  that  the  force  which 
is  expended  in  the  production  of  the  electricity  is  only  nerve- 
force.  For  every  equivalent  of  electricity  which  is  generated, 
the  fish  loses  an  equivalent  of  nervous  energy ;  and  for  this 
reason,  the  production  of  the. electric  force  is  strictly  limited  by 
tJie  amount  of  nerve-force  possessed  by  the  animal. 

Other  well-known  members  of  the  family  are  the  Sting-rays 
{Trygon),  the  Eagle-rays  (Myliobatis),  the  Homed  Rays  {Cepha- 
hptera),  and  the  Beaked  Rays  {Rhimhafis). 

In  the  Saw-fish  {Pristis  antiquorum)  the  body  has  not  the 
typical  flattened  form  of  the  Rays,  and  tlie  snout  is  elongated 
so  as  to  form  a  long  sword-like  organ,  the  sides  of  which  are 
furnished  with  strong  tooth-like  spines.  This  constitutes  a 
powerful  weapon,  with  which  the  Saw-fish  attacks  the  largest 
marine  animals. 

Before  leaving  the  Elasmobranehii  a  few  words  may  be  said 
as  to  their  position  in  the  class  of  fishes  From  the  cartilag- 
inous nature  of  the  endoskeleton,  and  the  similarity'  between 
the  form  of  their  gills  and  those  of  the  Lampreys  and  Myxin- 
oids,  the  Elasmobranehii  were  long  placed  low  do«'n  in  the 
scale  of  fishes,  to  which  also  the  permanentl)  heterocercal  tail 
conduced.  When  we  come  however  to  t'\ke  into  considera- 
tion the  sum  of  all  their  chiricters  there  can  be  little  hesita- 
tion in  placing  the  order  nearly  at  the  summit  of  the  entire 
class,  Tlie  nervous  system  and  especially  the  cerebral  mass, 
is  very  much  more  highly  developed  proportionately  than  is 
the  ease  with  any  otlier  division  of  the  fishes  The  organs  of 
sense  are,  comparatively  speokmt,  of  a  very  hi^h  grade  of 
organisation,  the  auditory  organs  being  more  than  ordinarily 
elaborate,  the  eyes  being  sometimes  furnished  with  a  third  eye- 
lid {membraiia  iiictiiam),  and  the  nasal  sacs  having  a  very  com- 
plex structure,  The  structure  of  the  heart  agrees  with  that  of 
the  Ganoids,  and  is  a  decided  advance  upon  the  heart  of  the 
more  typical  bony  fishes.  Finally,  the  embryo,  before  its 
exclusion  from  the  egg,  is  furnished  with  external  filamentous 
branchiK,  this  being  a  decided  approximation  to  the  Amphibia. 
Order  VI.  Dipnoi  (^ ProtopUri,  Owen). — This  order  is 
a  very  small  one,  and  includes  only  the  singular  Mud-fishes 
{Lepidosiren) ;  but  it  is  nevertheless  of  great  importance  as 
exhibiting  a  distinct  transition  between  the  fishes  and  the  Avi- 
phibia.     So  many,  in  fact,  and  so  striking,  are  the  points  trf 


Hosled  by  Google 


400  MANUAL   OF  ZOOLOGV. 

resemblance  between  the  two,  that  until  recently  the  2^/r/iuirt?« 
(fig.  152)  was  always  made  to  constitute  the  lowest  class  of 
the  Amphibia.  The  highest  authorities,  however,  now  concur  in 
placing  it  amongst  the  fishes,  of  which  ic  constitutes  the  highest 
order.  The  order  Dipnoi  is  defined  by  the  following  char- 
acters :— The  body  is  flsli-Hke  in  shape.  There  is  a  skuil  with 
distinct  cranial  bones  and  a  lower  jaw,  but  the  notochord  is 
persistent,  and  there  are  no  vertebral  centra,  nor  an  occipital 
condyle.  The  exoskeleton  consists  of  small,  homy,  overlap- 
ping scales,  having  the  "cycloid"  character.  I'he  pectoral 
and  ventral  limbs  are  both  present,  but  have  the  form  of  awl- 
shaped,  filiform,  maoy-jointeii  organs,  of  which  the  former  only 
have  a  membrandus  fringe  inferiorly  The  ventral  limbs  are 
attached  close  to  the  anus  and  the  pectoral  arch  has  a  clavicle ; 
but  the  scipular  ar  h  is  attached  to  the  occiput.     The  hinder 


TV 


exiremity  of  the  body  is  fringed  by  a  vertical  median  fin.  The 
heart  has  two  auricles  and  one  ventricle.  The  respiratory 
oigans  are  twofold,  consisting,  on  the  one  hand,  of  free  fila- 
mentous gills  contained  in  a  branchial  chamber,  which  opens 
externally  by  a  single  vertical  gill-slit;  and,  on  the  other  hand, 
of  true  lungs  in  the  form  of  a  double  cellular  air-bladder,  com- 
municating with  the  cesophagus  by  means  of  an  air-duct  or 
trachea-  The  branchife  are  supported  upon  branchial  arches, 
but  these  are  not  connected  with  the  hyoid  bone  ;  and  in  some 
cases,  at  any  rate,  rudimentary  external  \y!a,nK)ci\zt  exist  as  well. 
The  nasal  sacs  open  posteriorly  into  the  throat. 

If  these  characters,  are  examined  a  little  more  minutely,  it  is 
easy  to  point  to  those  in  which  the  Lepidosirm  approaches  the 
Fishes,  and  to  those  in  which  it  resembles  the  Amphibians. 
It  resembles  the  Fishes  in  the  shape  of  the  body,  and  in  the 
possession  of  a  covering  of  horny  overlapping  scales  of  the  tnie 
cycloid  character;  whilst  the  limbs  are  more  like  those  of  fishes 
than  of  reptiles.  The  fin,  also,  which  clothes  the  posterior 
extremity  of  the  body,  is  of  a  decided  fish-like  character.  The 
most  marked  piscine  feature,  however,  is  the  presence  of  free 
branchi^,  attached  to  branchial  arches,  and  olaced  in  a  branchial 
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cavity,  which  opens  internally  into  the  pharynx  by  a  number  of 
slits,  and  communicates  externally  with  the  outer  world  by 
means  of  a  single  vertical  gill-slit. 

On  the  other  hand,  the  Lepidosiren  approximates  to  the 
Amphibians  in  the  following  important  points :— The  heart 
consists  of  three  cavities,  two  auricles  and  a  single  ventricle. 
True  lungs  are  present,  with  a  trachea  and  glottis,  returning 
their  bleod  to  the  heart  by  a  distinct  pulmonary  vein,  and  in 
every  respect  discharging  the  functions  of  the  iungs  of  the 
higher  Vertebrates.  It  is  true  that  the  lungs  of  the  Lepidoiiren 
ape  merely  a  modification  of  the  swim-bladder  of  the  other 
fishes,  but  the  significance  of  the  change  of  function  is  not 
affected  by  this.  Lastly,  sometimes,  at  any  rate,  there  are 
rudimentary  external  branchiie  placed  on  the  side  of  the  neck. 
This  feature,  as  will  be  seen  shortly,  is  characteristic  of  all  the 
Amphibians,  either  permanently  or  in  their  immature  state. 

Upon  the  whole,  then,  whilst  for  the  purposes  of  systematic 
classification  the  Lepidosirm  must  be  placed  amongst  the  Fishes, 
it  is  not  to  be  forgotten  that  many  of  its  characters  are  those 
of  a  higher  class,  and  that  it  may  justly  be  looked  upon  as  a 
connecting  link,  or  transitional  fonn,  between  the  two  great 
divisions  of  tlie  Fishes  and  the  Amphibians. 

As  regards  their  distribution  and  mode  of  life,  two  species 
at  least  of  Lepuiosiren  are  known-^the  L.  paradoxa  from  the 
Amazon,  and  the  L.  anneclens  from  the  Gambia.  They  both 
inhabit  the  waters  of  marshy  tracts,  and  appear  to  be  able  in 
the  dry  season  to  bury  themselves  in  the  mud,  forming  a  kind 
of  chamber,  in  which  tliey  remain  dormant  till  the  return  of  the 
rains.  Recently  there  has  been  discovered  in  the  rivers  of 
Queensland  (Australia)  a  fish  which  has  been  described  under 
the  name  of  Ceratodus  (?)  Fosteri,  and  which  would  appear  to 
be  very  cloaely  related  to  the  Lepidosiren.  This  singu.ar  fish  is 
from  three  to  six  feet  long,  and  has  the  body  covered  with 
large  cycloid  scales  The  skeleton  is  notochordal,  all  the  bones 
remaining  permanently  cartilaginous.  There  is  a  well-developed 
operculum,  but — as  m  Lepidosinit — no  branchiostegal  rays. 
The  tail  is  homocercal,  and  the  pectoral  and  ventra!  fins  are 
supported  by  a  median,  many  jointed,  cartilaginous  rod,  with 
numetous  lateral  branches  on  each  side.  The  heart  consists  of 
a  single  auricle  and  ventricle,  with  a  "  Ganoid  "  bulbus  arteri- 
osus. There  are  five  branchial  arches,  of  the  Teleostean  type, 
but  cartilaginous.  The  swim-bladder  is  single,  cofliposed  of 
two  symmetrical  halves,  ceiluiar  in  structure,  with  a  pneumatic 
duct  and  glottis,  as  in  Leptdosiren.  The  intestine  has  a  spiral 
valve,  and  there  are  no  pyloric  cseca. 
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Upon  the  whole,  Dr  Giinther  concludes  that  the  Dipnoi  are 
to  be  regarded  as  a  simple  sub-order  of  Ganoids,  and  that  the 
entire  order  Ganoidei  may  be  united  with  the  Elasmobraiuhii 
into  a  single  order,  called  Palmichthyes,  characterised  by  having 
a  "heart  with  a  contractile  bulbus  arteriosus,  intestine  with  a 
spiral  valve,  and  optic  nerves  non- decussating." 


CHAPTER    MX. 

DISTRIBUTION    OF   FISHES    IN    TIME. 

The  geological  history  of  fishes  presents  some  points  of  peculiar 
interest.  Of  all  the  classes  of  the  great  sub-kingdom  Verte- 
hrata,  the  fishes  are  the  lowest  in  point  of  organisation.  It 
might  therefore  have  been  reasonably  expected  that  they  would 
present  us  with  the  first  indications  of  vertebrate  life  upon  the 
globe;  and  such  is  indeed  the  case.  After  passing  through  the 
enormous  group  of  deposits  known  as  the  Laureotian,  Huro- 
nian,  Cambrian,  and  Lower  Silurian  formations — representing 
an  immense  lapse  of  time,  during  which,  so  far  as  we  yet  know, 
no  vertebrate  animal  had  been  created,  we  find  in  the  Upper 
Silurian  rocks  the  first  traces  of  fish.  The  eariiest  of  these,  in 
Britain,  is  found  in  the  base  of  the  Ludlow  rocks  (Lower  Lud- 
low Shale),  and  belongs  to  the  plact^anoid  genus  Pteraspis. 
Also  in  the  Ludlow  rocks,  but  at  the  summit  of  their  upper 
division,  are  found  fin-spines  and  shagreen,  probably  belonging 
to  Cestraciont  fishes — that  is  to  say,  to  fisiies  of  as  h^h  a 
grade  of  ot^anisation  as  the  Elasmobranchti.  So  abundant  are 
the  remains  of  fishes  in  the  next  great  geolt^cal  epoch— namely, 
the  Devonian  or  Old  Red  Sandstone — that  this  period  has 
frequently  been  designated  the  "Age  of  Fishes."  Most  of' 
tlie  fishes  of  the  Old  Red  Sandstone  belong  to  the  order  Gan- 
oidei. In  the  Carboniferous  and  Permian  rocks  which  close 
tlie  Palreozoic  period,  most  of  the  fishes  are  still  Ganoid,  but 
the  former  contain  the  remains  of  many  Plagiostomous  fishes. 
At  the  close  of  the  PaUeozoic  and  the  commencement  of  the 
Mesozoic  epoch,  the  Ganoid  fishes  begin  to  lose  that  predomi- 
nant position  which  they  before  occupied,  though  they  continue 
to  be  reprfesented  through  the  whole  of  the  Mesozoic  and  Kain- 
ozoic  periods  up  to  the  present  day.  The  Ganoids,  therefore, 
are  an  instance  of  a  femily  which  has  endured  through  the 
greiiter  part  of  geological  time,  but  whicli  early  attained  its 
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maximum,  and  has  been  slowly  dying  out  ever  since.  Towards 
the  close  of  the  Mesozoic  period  (in  the  Cretaceous  period)  the 
great  family  of  the  Tekostean  or  Bony  fishes  is  for  the  first  time 
known  certainly  to  have  made  its  appeajunce.  The  families 
of  the  Marsipobranchii,  Pkaryngobranchii,  and  Dipnoi,  have 
not  left,  so  far  as  is  known,  any  traces  of  their  existence  in 
past  time.  Judging  from  analogy,  however,  it  is  highly  pro- 
bable that  the  two  former  of  these  must  have  had  a  vast  anti- 
quity, and  it  is  not  impossible  that  the  so-called  "  Conodonts" 
from  the  Lower  Silurian  rocks  of  Russia  may  yet  be  shown  to 
be  the  homy  teeth  of  fishes  allied  to  the  Lampreys.  At  pre- 
sent, however,  the  weight  of  evidence  is  in  favour  of  looking 
upon  these  problematical  little  bodies  as  probably  referable  to 
some  of  the  Invertebraia. 

Leaving  these  unrepresented  orders  out  of  consideration, 
the  following  are  the  chief  facts  as  to  the  geological  distribu- 
tion of  the  other  great  groups  : — 

I.  Ganoidd. — As  fiir  as  is  yet  known  with  certainty,  the 
oldest  representatives  of  the  fishes  belong  to  this  order.  The 
order  is  represented,  namely,  in  the  Upper  Silurian  rocks 
by  the  remains  of  at  least  four  genera.  In  the  Devonian 
rocks,  or  Old  Red  Sandstone,  the  Ganoids  attain  their 
maximum  both  in  point  of  numbers  and  development.  The 
Placoganoid  division  of  die  order  is  represented  by  the 
singular  genera  Pterichthys  (fig.  148),  Cephalaspis  (fig.  147), 
Pteraspis,  and  Coccosteus  (fig.  148).  The  Lepidoganoid  division 
of  the  order  is  now  also  abundantly  represented  for  the  first 
time,  the  genera  Dipterus,  Osteolepis  (fig.  146),  Giyplo/epis, 
Holoptychius,  Diplacanlhus,  and  many  others  belongmg  to  this 
section.  As  regards  the  further  distribution  of  the  Placogan- 
oids,  the  section  of  the  Ostrawstei,  characterised  by  the  great 
development  of  the  cephalic  buckler,  appears  to  have  died 
out  at  the  close  of  the  Devonian  period.  The  other  section, 
however — namely,  that  of  the  SturionidtB — is  represented  in 
the  Liassic  period  (Mesozoic)  by  the  genus  Chondrosteus,  and 
in  the  Eocene  (Kamozoic)  by  a  true  Sturgeon,  the  Acipenscr 
toliapicus. 

The  Lepidoganoids  continue  from  the  period  of  the  Old  Red 
in  great  profusion,  and  they  are  represented  by  very  many 
genera  in  the  Carboniferous  and  Permian  rocks.  In  the  earlier 
portion  of  the  Mesozoic  period — i.e.,  in  the  Lias  and  Trias— 
they  are  sriil  represented,  but  all  the  forms  are  as  yet  heterocer- 
cal.  In  the  Oolitic  rocks,  for  the  first  rime,  Lepidoganoids  with, 
homocercal  tails  appear,  and  they  continue  to  be  represented 
up  to  the  present  day. 
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II.  Elasmobratuhii. — Like  the  Ganoidei,  the  great  order  of 
the  Sharks  and  Rays  is  one  of  vast  antiquity.  At  the  top  of  the 
Upper  Ludlow  rocks,  or  at  the  close  of  the  Upper  Silurian 
epoch,  there  have  been  discovered  the  remains  of  undoubted 
Plagiostomous  fishes,  most  nearly  allied  to  the  existing  Port 
Jackson  Shark  {Cestradon  Philippi).  These  remains  consist 
chietly  of  defensive  spines,  which  formed  the  first  rays  in  the 
dorsal  fins,  and  upon  these  the  genus  Onchus  has  been  founded. 
Besides  these  there  have  been  found  portions  of  skin  or 
"  shagreen,"  with  tittle  placoid  tubercles,  like  the  skin  of  a 
living  shark.  These  have  been  referred  to  the  gemis  Sphagedus. 
They  are  the  earliest-known  remains  of  Plagiostomous  fishes, 
and  with  the  exception  of  the  few  remains  from  the  Lower 
Ludlow  rocks,  they  are  the  earliest  known  remains  of  fishes  in 
the  stratified  series.  The  discovery  of  these  remains,  at  that 
time  the  earliest  known  traces  of  Vertebrate  life,  is  due  to  the 
genius  of  Sir  Roderick  Murchuwn,  the  author  of  '  Siluria.' 

Most  of  the  fossil  Elasmobranchii  belong  to  the  division 
Cestrapkori  of  Owen,  so  called  because  they  are  provided  with 
the  large  fin  spines  n  hirh  <irc  knon  n  to  gtologists  as  "  ichthyo- 


dorulites  "  The  two  families  of  this  division — the  Cestracionts 
and  Hvhodonts — are  largely  represented  in  past  time,  the 
former  chiefly  m  the  Palieozoic  period,  the  latter  chiefly  in  the 
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Mesozoic  rocks.  Subjoined  is  an  illustration  of  the  "  ichthyo- 
dorulites"  and  teeth  of  some  of  the  Palieozoic  Cestraphori. 

The  true  Sharks  are  represented  in  the  later  Mesozoic  de- 
posits {f.g.,  by  teeth  of  Notidamis  in  the  Oolites) ;  but  they  are 
chiefly  Tertiary.  The  teeth  of  Odontaspis,  Galeocerdo,  and 
Careharodon,  are  good  examples  from  the  Eocene  of  the  Isle  of 
Sheppey.  The  true  Rays  are  older  than  the  true  Sharks,  the 
Carboniferous  fossil,  Pleuraeanlhns,  being  probably  the  spine  of 
a  Ray  (fig.  153).  Numerous  remains  of  Rays,  chiefly  in  the 
form  of  the  pavement-like  teeth,  are  known,  both  from  the 
Secondary  and  Tertiary  rocks.  The  last  division  of  the  Elas- 
mohrancMi — viz.,  that  of  tlie  ITolocepkali,  is  poorly  represented 
in  past  time  by  the  Mesozoic  and  Kainozoic  Ischiodiis,  £las~ 
tnodus,  Ganodus,  and  Edaphodus. 

Ill,  The  Bony  or  Tdeostean  Fishes  do  not  make  their  ap- 
pearance sooner  than  the  Cretaceous  period^ — that  is,  towards 
the  close  of  the  Mesozoic  epoch.  From  this  time  on,  how- 
ever, Bony  fishes  with  cycloid  or  ctenoid  scales  are  the  chief 
representatives  of  the  whole  class,  and  the  order  appears  to 
have  attained  its  maximum  in  our  present  seas. 
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CHAPTER  LX. 

CLASS  II.— AMPHIBIA. 

The  class  Amphibia  comprises  the  Frogs  and  Toads,  the 
Salamandroids,  the  Cmcilice,  and  the  extinct  Laby7-iiithodonts, 
and  may  be  briefly  defined  as  foilows ; — As  is  tlie  case  with 
the  Fishes,  the  embryo  is  not  furnished  with  an  amnion,  and 
the  urinary  bladder  is  tlie  only  representative  of  the  allantois. 
As  in  Fishes,  also,  branchim  or  filaments  adapted  for  breathing 
air  dissolved  in  wafer  are  always  developed  upon  l/ie  visceral 
arches  for  a  longer  or  shorter  lime.  On  the  other  hand,  the 
Amphibians  differ  from  the  Fishes  in  the  fact  that  true  lungs  are 
always  present  in  the  adult;  the  limbs  are  never  converted  into 
/ins ;  and  when  median  fins  are  present,  as  is  sometimes  tlu  case, 
these  are  never  furnished  with  fin-rays.  The  limbs,  when  pre- 
sent, exhibit  in  their  skeleton  the  same  parts  as  do  the  hmbs 
of  the  higher  Vertebrates.  The  skull  always  articulates  with 
the  vertebral  column  by  means  of  two  occipital  condyles.  The 
heart  consists  of  tioo  auricles  and  a  single  ventricle.  The  itasal 
sacs  communicate  posteriorly  with  the  pliarynx  ;  and  the  rectum, 
ureters,  and  ducts  of  the  reproductive  organs  open  into  a  common 
chamber  or  "cloaca." 

The  great  and  distinguishing  character  of  the  Amphibia  is 
the  fact  that  they  undeigo  a  metamorpliosis  after  their  exclusion 
from  the  egg.  They  commence  life  as  water-breathing  larvse, 
providedwith  gills  or  branchiae;  but  in  their  adult  state  they 
invariably  possess  lungs — the  branchiae  in  the  higher  forms 
disappearing  when  the  lungs  are  developed — but  being  in  other 
cases  permanently  retained  throughout  life. 

In  the  earliest  embryonic  condition  the  branchiffi  are  ex- 
ternal, placed  on  the  side  of  the  neck,  and  not  situated  in  an 
internal  chamber  as  in  Fishes.  In  some  cases  the  external 
branchiie  only  are  present,  and  they  are,  in  any  case,  the  gills 
which  are  retained  in  those  forms  in  which  the  branchiae  are 
permanent   {Perennidranchiaia).       In    the  tailed    Amphibians 
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(Urodela),  and  in  tlie  Frogs  and  Toads  (Anmra),  two  sets  of 
gjlls  are  developed — an  external  set,  nhuh  is  verj  soon  lost, 
and  an  internal  set,  which  is  retained  tor  i  lonLtr  or  shorter 


period.  As  maturity  is  approached,  true  lungs  adapted  for 
breathing  air  are  developei  The  development,  however,  of 
the  lungs  varies  with  the  completeness  with  which  aerial  respi- 
ration has  to  be  accomplished  ;  being  highest  in  those  forms 
which  lose  their  gills  when  grown  up  (Caducibranchiatd),  and 
lowest  in  those  in  which  the  branchite  are  retained  throughout 
life  (Perennibranchiata). 

In  accordance  with  the  change  from  an  aquatic  or  branchial 
to  a  more  or  less  completely  aerial  or  pulmonary  mode  of 
respiration,  considerable  changes  are  effected  in  the  course 
and  distribution  of  the  blood-vessels,  In  the  larval  condition, 
when  the  respiration  is  entirely  effected  by  means  of  the  gills, 
the  circulation  is  carried  on  very  much  as  it  is  in  Fishes, 
The  heart  is  composed  of  a  single  auricle  and  ventricle,  and 
the  blood  is  propelled  through  a  bulbus  arteriosus  and  bran- 
chial artery  to  the  gills.  The  aerated  blood  is  then  collected 
in  the  branchial  veins,  and  instead  of  being  returned  to  the 
heart,  is  forthwith  propelled  to  aU  parts  of  the  body,  the  de- 
scending aorta  being  formed  out  of  the  branchial  veins.  At 
this  stage,  therefore,  the  heart  is  a  branchial  one,  and  the  single 
contraction  of  the  heart  is  sufficient  to  drive  the  blood  through 
both  the  branchial  and  systemic  circulations,  just  as  we  saw 
was  permanently  the  case  with  all  the  Fishes  except  the  Lepi- 
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tiasirm.  The  pulmonary  arteries  arc  at  first  very  small,  an  1 
take  their  origin  from  the  last  pair  of  branchial  arteries. 
When  the  lungs,  however,  are  developed,  and  the  respiration 
commences  to  be  aerial,  the  pulmonary  arteries  increase  pro- 
portionately in  size,  and  more  and  more  blood  is  gradually 
diverted  from  the  gills  and  carried  to  the  lungs,  so  that  the 
branchiffi  suffer  a  proportionate  diminution  in  size.  In  those 
Amphibians  in  which  branchise  are  permanently  retained  (Per- 
ennibranckiata),  this  state  of  affairs  remains  throughout  life — 
that  is  to  say,  a  portion  of  the  venous  blood  is  sent  by  the 
pulmonary  artery  to  the  lungs,  and  a  portion  goes  to  the  gills. 
In  those  Amphibians,  however,  in  which  the  adult  breathes  by 
lungs  alone  (Caducibrartchiata),  further  changes  ensue.  In 
these  the  pulmonary  arteries  increase  so  much  in  size  that  they 
ultimately  divert  all  the  blood  fi-om  the  branchia,  and  these  or- 
gans, having  fulfilled  their  temporary  function,  become  atrophied 
and  disappear.  The  vessels  which  return  the  aerated  blood  from 
the  lungs  (the  pulmonary  veins)  increase  in  size  proportionately 
with  their  increased  work,  and  ultimately  come  to  open  into 
a  second  auricle  formed  at  their  point  of  union.  The  heart, 
therefore,  of  tlie  Amphibia  in  their  adult  state  consists  of  two 
auricles  and  a  common  ventricle.  The  right  auricle  receives 
the  venous  blood  from  the  body,  and  the  left  receives  the 
arterial  blood  from  their  lungs,  and  both  empty  their  contents 
into  the  single  ventricle.  As  in  Reptiles,  therefore,  the  ventri- 
cular cavity  of  the  heart  in  adult  Amphibians  contains  a  mixed 
fluid,  partly  venous  and  partly  arterial,  and  from  this  both  the 
body  and  tlie  lungs  are  supplied  with  blood. 

As  regards  the  digestive  system  of  the  Amphibia  there  is  little 
to  say,  except  that  the  rectum,  opens,  as  it  does  in  Reptiles, 
into  a  common  chamber  or  "  cloaca,"  into  which  are  also  dis- 
charged the  secretions  of  the  kidneys  and  generative  organs, 
A  liver,  gall-bladder,  spleen,  and  pancreas  are  always  present. 
Singular  pulsating  cavities,  belonging  to  the  lymphatic  system, 
and  known  as  "lymph-hearts,"  are  also  present  in  the  higher 
Amphibians. 


CHAPTER   LXI. 

ORDERS   OF  AMPHIBIA. 

The  Amphibia  are  usually  divided  by  modern  writers  into  four 
orders,  the  o!d  order  Lepidota,  comprising  'the  Lcpidosiren, 
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being  now  placed  at  the  head  of  the  Fishes,  under  the  name 
of  Dipnoi.  Whilst  there  is  a  general  agreement  as  to  the 
number  and  characters  of  the  Amphibian  orders,  the  names 
employed  to  designate  them  are  very  various,  and  it  really 
matters  little  which  are  adopted. 

Order  I.  Ophiomorpha,  Owen  {-  Gymnophiona,  Huxley; 
-4/iJi/ij  of  older  writers;  Ophtdobatrachia). — This  is  a  small  order, 
including  only  certain  snake-like,  vermiform  animals,  which  are 
found  in  various  tropical  countries,  burrowing  in  marshy  ground, 
something  like  gigantic  earthworms.  They  foma  the  family 
Cadliadm  (so  called  by  Linnceus  from  their  supposed  blind- 
ness), and  are  characterised  by  their  snake-like  form,  and  by 
having  the  anus  placed  almost  at  the  extremity  of  die  body. 
The  skin  is  quite  soft,  but  differs  from  that  of  the  typical 
Amphibians  in  mostly  having  small  homy  scales  embedded  in 
it  Another  fish  like  character  is  that  the  vertebrae  are  amphi 
ccelous  or  biconcave,  and  the  cavities  formed  by  their  apposi 
tion  are  filled  w  ith  the  cartilaginous  or  gelatinous  remains  of 
the  notochord.  The  body  is  cjhndrical  and  worm  like,  and  is 
completely  destitute  of  limbs  I  he  skm  is  glanduhr  niked, 
and  viscous  thrown  into  nuniLrous  foldi,  and  containing  nu 


merous  delicate,  rounded,  homy  scales,  which  are  dermal  in 
their  character,  and  are  wanting  in  Siphonops  ammlatus.  The 
mandibular  rami'  are  short,  and  are  united  in  front  by  a  sym- 
physis.    The  teeth  are  long,  sharp,  and  generally  recurved; 
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and  a  row  of  palatine  teeth  fotms  a  concentric  series  with  Uie 
maxillary  teeth.  The  tongue  li  &  shy,  fixed  to  the  concavity 
of  the  lower  jaw,  and  not  protm-iible  (fig.  155).  The  ribs  are 
numerous,  but  there  is  no  sternum  The  adult  possesses  lungs, 
one  of  which  is  smaller  than  the  other,  and  the  nose  opens 
behind  into  the  mouth.  The  eyes  are  rudimentary,  nearly 
concealed  beneath  the  skin,  or  altogether  wanting. 

The  position  of  the  Caciim  was  long  doubtful ;  but  their 
Amphibian  character  was  ultimately  proved  by  the  discovery 
that  whilst  the  adult  breathes  by  lungs,  the  young  possess 
internal  branchife,  communicating  with  the  external  world  by 
a  branchial  aperture  on  each  side  of  the  neck.  Only  a  few 
species  of  Cmcilkt  are  known,  and  they  are  all  inhabitants  of 
hot  climates,  such  as  South  America,  Java,  Ceylon,  and  the 
Guinea  coast.     They  sometimes  attain  a  length  of  several  feet. 

Order  II,  Urodkla  (  =  Ichthyonwrpha,  Owen ;  Sauro- 
batrachid). — This  order  is  commonly  spoken  of  collectively 
as  that  of  the  "  Tailed"  Amphibians,  from  the  fact  that  the 
larval  tail  is  always  retained  in  the  adult.  The  Urodela  are 
characterised  by  having  the  skin  naked,  and  destitute  of  any 
exoskeleton.  The  body  is  elongated  posteriorly  to  form  a 
compressed  or  cylindrical  tail,  which  is  permanently  retained 
throughout  life.  The  dorsal  vertebra  are  biconcave  {amphi- 
calous),  or  concave  behind  and  convex  in  front  (opistlwaelous), 
and  they  liave  short  ribs  attached  to  the  transverse  processes. 
The  bones  of  the  fore-arm  (radius  and  ulna)  on  the  one  hand, 
and  those  of  the  shank  {ii^ia  and  fibula)  on  the  other,  are  not 
anchylosed  to  form  single  bones. 

In  one  section  of  the  order — formerly  called  Ampliip/inisla 
—the  gills  are  retained  throughout  life,  and  the  animal  is  there- 
fore "  perennibranchiate."  In  this  section  are  the  Proteus, 
Sirai,  and  Membranchws.  In  the  remaining  members  of  the 
order  the  gills  disappear  at  maturity,  and  the  animal  is  there- 
fore "  caducibranchiate."  In  this  section  are  the  land  and 
water  salamanders.  One  fonn,  however  — the  Axolotl  of 
Mexico^appears  to  be  sometimes  caducibranchiate,  though 
generally  percnnibranchiate.  The  genera  Ampkiuma  and 
Mmopoma,  also,  exhibit  a  partially  intermediate  state  of  parts  ; 
for  though  they  lose  their  branchite  when  adult,  they  never- 
theless retain  the  branchial  apertures  behind  the  head. 

Of  the  perennibranchiate  Urodela,  one  of  the  best  known  is 
the  singular  Proteus  {Hypochthoii)  angidnus  (fig.  156),  which  is 
only  foun^  inhabiting  pools  in  certain  caves  in  lUyria  and 
Dalmatia.  It  is  of  a  pale  flesh-tolour,  or  nearly  white,  with 
three  pairs  of  scarlet  branchise  on  each  side  of  the  neck.     It 
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uttains  a  length  of  about  a  foot,  and  has  two  pairs  of  weak 
limbs,  of  which  the  anterior  have  three  toes,  and  the  posterior 
only  two.  From  its  habitat,  the  power  of  vision  must  be  quite 
Uiinecessarj',  and,  as  a  matter  of  fact,  the  eyes  are  altogether 
rudimentary,  and  are  covered  by  the  skin.  Several  varieties 
fAProieus  are  known,  and  the  one  figured  above  has  been 
described  as  a  distinct  species  (P.  xanthostiOus).  The  blood- 
corpuscles  in  Proteus  are  oval  in  shape,  and  are  larger  than 
tiiose  of  any  other  Vertebrate  animal. 


**  '^  e.Kroil^'^hte'a^du-i^aciyl^'lbi^ilIb'" 


Of  the  Sirmida,  the  most  familiar  are  the  Sirens  and  the 
Axolotls.  The  Shen,  or  Mud-eel,  is  found  abundantly  in  the 
rice-swamps  of  South  Carolina,  and  attains  a  length  of  three 
feet  The  branchiae  are  persistent,  and  the  hinder  pair  of  legs 
wholly  wanting.  Two  other  species  are  known,  but  they  are 
likewise  confined  to  North  America. 

The  Mexican  Axolotl  {Sireiion ^isd/orfne,  fig.  157)  is  a  native 
of  the  Mexican  lakes,  and  attains  a  length  of  about  a  foot  or 
fourteen  inches.     It  possesses  both  pairs  of  lin  b     th        t  ri 
pair  having  four  toes  and  the  hinder  pair  five  A       d 

narily  known  in  its  native  country,  the  Axo 
perentiibranchiate,  and   they  breed  in  this  c     d 
There  is  no  doubt,  however,  that  individual    p      m 
lose  their  gills,  without  thereby  suffering  any  a  p 
except  it  be  one  of  colour.     The  Axolotl,  ther  h 

singular    position    of   being  sometimes    "cad     b        h 
whilst  it  is  ordinarily  "perennibranchiate."*      N  d 

*  Professor  Marsh  of  New  Haven  has  recently  sho« 
Ikhaioldes  of  the  western  States  of  America,  when  ke 
loses  its  gills,  and  dorsal  and  caudal  fins,  whilst  it  changes  m 
and  nndei^oes  various  minor  modifications  m  strucfnce. 
become  less  aquatic,  and  it  becomes  apparently  absolu  ely  ea 

Ambfysloma  tnavorlium,  a  Salamandroid.     This  discoveryh  wn 

siderable  doubt  upon  the  value  of  the  distinction  between  1  ere  ii.ranchiate 
and  caducibranchiate  Amphibians,  and  has  tendered  it  probable  that  ail 
the  species  oi  Siredon  ate  merely  larval  Salamanders,  as  long  ago  suspected 
by  Cuvier.  At  the  same  time,  the  Axolotls  certainly  breed  freely  whilst  in 
possesaiim  of  their  branchia;,  and  there  is  as  yet  no  proof  that  they  lose 
their  gills  whilst  in  a  state  of  nature. 
19 
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to  the  Axolot'.  is  the  Menobramhus  of  North  America,  in 
which  t!ie  branchiEe  are  persistent.  Amphtuma  and  Menopoma, 
as  already  remarked,  differ  from  the  forms  just  mentioned  in 
losing  the  gills  when  adult,  but  in  retaining  the  external  bran- 
chial apertures  on  the  side  of  the  neck.  The  former  is 
exclusively  North  American,  whilst  the  latter  is  represented 
by  different  but  nearly-related  species  in  both  North  America 
and  Java.  Both  possess  the 
normal  two  pairs  of  limbs.  The 
Javanese  species  {Menopoma 
maxima)  has  the  gill-Slit  closed 
ill  the  adult.  It  is  about  three 
feet  long,  and  is  the  nearest 
living  relative  of  the  extinct 
Andrias. 

In  the  second  section  of  the 
C/AwWd,  comprising  those  forms 
ill  which  the  gilJs  are  caducous, 
and  both  pairs  of  limbs  are 
always  present,  are  the  Water- 
salamanders  or  Tritons,  and  the 
Land  -  salamanders.  The  Tri- 
tons are  the  only  examples  of 
the  aquatic  Salamanders  which 
occur  in  Britain,  and  every  one, 
probably,  is  acquainted  with 
the  common  Newt. 

The  W  ater  -  salamanders  or 
Newts  {fig  159)  are  distin- 
„  I'.hed  from  the  terrestrial 
iorms  by  bemg  furnished  with 
I  tompressed  fish-lilce  tail,  and 
1 J  be  n^  strictly  oviparous. 
The  lirvie  ve  tadpole  -  like, 
\Mth  external  branchiie,  which 
they  retam  till  about  the  third 
month  The  adult  is  destitute 
of  gills  and  breathes  by  lungs 
alone  but  the  larval  tail  is  re- 
t^  ncd  throughout  the  life  of 
fir  ,^T —■niePisoYaiHXircdrmfUcifiirme)''^^  ^"1'™^        The    tongue  is 

^let  Tasmmcwr.      The  ordiuary  fgtn     small       freC       and    pointed     bC- 

"    ^'  hmd    and  there  are  two  rows 

of  palatine  teeth.     The  fore-feet  are  four  to°d,  the  hind-feet 
five-toed;  and  the  males  have  a  crest  on  the  back  and  tail. 
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The  development  of  the  Newts  is  so  hke  that  of  the  Frogs 
that  it  is  unnecessary  to  dilate-  further  upon  it  here ;  hut  there 
are  these  two  points  of  difference  to  he  noticed  : — jstly.  That 
the  emhryonic  tail  is  not  cast  off  in  the  adult ;  and,  adly.  That 
the  fore-limbs  are  developed  sooner  than  the  hind-limhs — the 
reverse  of  this  being  the  case  amongst  the  Anoura. 


The  Land  salaroand  rs  form  the  genus  Salamandra,  and  are 
distinguishtd  from  the  r  aq  atic  brethren  by  having  a  cylindri- 
cal instead  of  a  compressed  tail,  and  by  bringing  forth  their 
young  alive  or  by  be  ng  ovo-vivi parous,  in  which  case  the 
larvse  have  sometimes  shed  their  external  branchite  prior  to 
birth.  The  head  is  thick,  the  tongue  broad,  and  the  palatine 
teeth  in  two  long  series.  The  skin  is  warty,  with  many  glands 
secreting  a  watery  fluid.  The  best-known  species  is  the  S. 
maculosa  of  Southern  Europe.  Another  species  {S.  alpind) 
lives  upon  lofty  mountains.  The  chief  thing  to  remember 
about  the  Land- salamanders,  and,  indeed,  about  all  the  Uro- 
dela,  is  their  complete  distinctness  from  the  true  Lizards  {Lacer- 
tilia).  They  are  often  completely  lizard-like  in  form  when  adult, 
but  they  always  possess  gills  in  the  earlier  stages  of  their  exist- 
ence, and  this  distinguishes  them  from  al!  the  Lacertilians. 

Order  IIL  Anoura  {  B%tra~hit  Huxley  Therimwrpha 
Owen;  Chelonobatroihta  &.c) — Tl  s  order  ncludes  the  Frogs 
and  Toads,  and  is  perhaps  best  des  gnated  by  the  ame  of 
Anoura,  or  "  Tail-less  \mpl  b  ans  The  name  Bat  uJia 
employed  by  Huxle)  is  nexped  ent  partly  because  it  is  used 
by  Owen  to  designate  the  ent  re  class  A  pJ  h  %  and  partly 
because,  in  common  langu'ige  it  is  us  al  to  nderstand  by  a 
"Eatrachian"  any  of  theh  gher  An  pi  ha  s — s  ch  for  nstance 
as  a  Labyrinthodont 

The  Anoura,  or  Ti  I  le';s  K  \\i\  ans  are  cl  ricter  sed  hv 
the  following  points  — Tl  c  -i  i  It  s  dest  t  e  of  both  g  lis  i  i 
tail,  both  of  which  st    cti  e    ex   t    r    1  e  1  rv        1  1  I  tl     to 
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pairs  of  limbs  are  always  present  The  skin  is  soft,  and  there 
are  rarely  any  traces  of  an  exoskeleton.  The  dorsal  vertebrje 
are  "  proccelous ,"  or  concave  in  front,  and  are  furnished  with 
long  transverse  processes,  which  take  the  place  of  ribs,  which 
are  only  present  in  a  rudimentary  form.  The  radius  and  ulna 
in  the  fore-liraib,  and  the  tibia  and  fibula  in  the  hind-limb,  are 
anchylosed  to  form  single  bones  (fig.  159).  The  mouth  is 
sometimes  edentulous,  but  the  upper  jaw  has  usually  small 
teeth,  and  the  lower  jaw  sometimes.  The  hind-limbs  usually 
have  the  digits  webbed  for  swimming,  and  are  generally  much 
larger  and  longer  than  the  fore-limbs.  The  vertebral  column 
is  short  (of  ten  vertebrse  in  the  Frogs,  but  only  eight  in  Pipa). 
The  tongue  is  soft  and  fleshy,  not  supported  by  an  OS  hyoides, 
but  fixed  to  the  symphysis  of  the  lower  jaw  in  front.  Pifia  has 
a  sort  of  valve  over  the  tympanum ;  Hyla  and  Rana  have  the 
tympanum  sliown  externally;  and  £ufo  has  the  tympanum 
concealed. 


In  the  adult  Anoura,  respiration  is  purely  aerial,  and  is  car- 
ried on  by  means  of  lungs,  which  are,  comparatively  speaking, 
well  developed.  As  there  are  no  movable  ribs  by  which  the 
thoracic  cavity  can  be  expanded,  the  process  of  respiration  is 
somewhat  peculiar.  The  animal  first  closes  its  mouth,  and 
iilis  the  whole  buccal  cavity  with  air  taken  in  through  the 
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nostrils.  The  posterior  nares  are  then  dosed,  and  by  the  con- 
traction of  the  muscles  of  the  cheeks  and  pharynx  the  inspired 
air  is  forcibly  driven  into  the  windpipe  through  the  open  glottis. 
The  process,  in  fact,  is  one  of  swallowing;  and  it  is  possible  to 
suffocate  a  frog  simply  by  holding  its  mouth  open,  and  thereby 
preventing  the  performance  of  the  above-mentioned  actions. 
There  can  be  no  doubt,  also,  that  the  skin  in  these  animals 
plays  a  very  important  part  in  the  aeration  of  the  blood,  and 
that  the  frogs  especially  can  carry  on  their  respiration  cutane- 
ously,  without  the  assistance  of  the  lungs,  for  a  very  lengthened 
period.  This  undoubted  fact,  however,  should  not  lead  to  any 
credence  being  given  to  the  often-repeated  stories  of  the  occur- 
rence of  frogs  and  toads  in  cavities  in  solid  rock,  no  authen- 
ticated instance  of  such  a  phenomenon  being  as  yet  known  to 


BhoUy  abaorhf d.    (After  Bell.  J. 


The  young  or  larvje  of  the  Frogs  and  Toads  are  familiarly 
known  as  "  Tadpoles."  The  ova  of  the  Frog  are  deposited  in 
masses  in  water,  and  the  young  form,  upon  exclusion  from  the 
egg,  presents  itself  as  a  "tailed"  Amphibian,  completely  fish- 
like in  form,  with  a  broad  rounded  head,  a  sac-like  abdomen, 
and  a  compressed  swimming-tail  {fig.  160,  a).  There  axe  at 
first  two  sets  of  gills,  one  external  and  the  other  internal.  The 
external  branchije  (fig.  160,  a)  have  the  form  of  filaments  at- 
tached to  the  side  of  the  neck,  and  they  disappear  very  shortly 
at^er  birth.  The  internal  branchite  are  attached  to  cartilaginous 
arches,  which  are  connected  with  the  hyoid  bone,  and  (hey  are 
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contained  in  a  gill-cavity,  protected  by  a  flap  of  integument, 
which  differs  from  the  gill-cover  of  fishes  in  never  developing 
any  opercular  bones  or  branchiostegal  rays.  Within  the  bran- 
chial chamber  thus  formed  the  fore-limbs  are  budded  forth,  but 
the  hind-limbs  are  the  first  to  appear,  instead  of  the  fore-limbs, 
as  is  the  case  with  the  Urodela.  Even  after  the  first  appear- 
ance of  the  limbs,  the  tail  is  still  retained  as  an  instrument  of 
progression;  but  as  the,  limbs  become  fully  developed,  the 
taii  is  gradually  absorbed  {fig.  i6o,  d)  ui  t'l  "  th  d  It  't  h 
wholly  disappeared. 

The  development  of  the  Frog  is  th         g     d    11  f 

the  general  zoological  law  that  the  tra  bry 

of  tl     hi  er  members  of  any  division    f   1  1  k    gd  m 

ft       epresented  by  the  permanen        d  f  h    ] 

m     b  rs    f  the  same  division.     Thus  nd 

of  the  y     ng  Frog  in  its  earliest  stag       h       h    b        h  eb  ar 

mal     s   permanently  represented  by    h       dip 
b    n  h    te   Urodela,  such  as  the  Pro  h     &  Tl 

fin  I    t  g    again,  when  the  gills  have  d  sai  p  ar  d      d  1     1  mb 
h        b        developed,  but  the  tail  has  not  been  wholly  absorbed, 

r  p         ted  by  the  caducibranchiate   Urodela,  such  as  the 
on  n  on  Newt. 

The  order  Anoura  comprises  a  considerable  number  of 
forms,  but  may  be  divided  into  the  three  sections  of  the 
Pipida,  Bufonida,  and  Ranidts.  In  the  Pipida,  or  Surinam 
Toads,  there  are  rarely  teeth,  and  thy  mouth  is  destitute  of  a 
tongue.  A  singular  and  hideous  species  {Pipa  Americana)  is 
the  best  known,  and  it  inhabits  Brazil  and  Surinam.  In  this 
curious  Amphibian  the  eggs  are  placed  by  the  male  on  the 
back  of  the  female,  in  the  integument  of  which,  in  cell-like 
cavities,  the  eggs  are  hatched  and  the  young  developed.  In 
the  aberrant  form  Dadylethra  the  upper  jaw  is  furnished  with 
small  teeth,  and  the  three  inner  toes  of  the  hind-feet  are  fur- 
nished with  nails,  as  is  the  case  with  no  other  Amphibian, 
except  Salamandra  unguiculiita  amongst  the  Urodela.  This 
curious  form  is  found  at  the  Cape  of  Good  Hope  and  in  Moz- 
ambique. 

In  the  Toads,  or  Sufoiiida,  a  tongue  is  present,  but  tiie 
jaws  are  not  armed  with  teeth.  The  tongue  agrees  with  that 
of  the  Frogs  in  being  fixed  to  'dt^.z  front  of  the  mouth,  whilst  it 
is  free  behind,  so  that  it  can  be  protruded  for  some  distance 
from  the  mouth.  The  hind-limbs  are  not  disproportionately 
developed,  whilst  the  toes  are  only  imperfectly  webbed,  and 
the  tees  of  the  fore-limb  are  free.  The  skin  is  warty  and  glan- 
dular.    The  common  Toad  {Biifo  vulgaris)  is  an  excellent 
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example  of  this  family.  The  Natter-jack  Toad  is  the  only 
other  British  species,  but  about  fifty  other  forms  are  known,  of 
which  many  are  American, 

In  the  Ranidie  the  tongue  has  the  same  form  as  in  the 
Toads,  but  the  upper  jaw  always  carries  teeth.  The  hind- 
limbs  are  much  larger  than  the  fore-limbs,  and  are  fitted  for 
leaping,  whilst  the  toes  are  webbed.  The  toes  of  the  fore- 
limbs  are  free.  The  common  Frog  (Ratta  teinperaria)  is  a 
good  example  of  the  typical  Rantdte.  Larger  than  the  common 
Frog  is  the  Eatable  Frog  (Rana  esadaUd)  of  Europe,  and  larger 
again  than  this  is  the  Bull-frt^  {Rana  pipiats)  of  North  Amer- 
ica, The  Tree-frogs  {Hyla)  are  adapted  for  a  wholly  different 
mode  of  life,  having  the  toes  of  all  the  feet  furnished  with  ter- 
minal suckers,  by  the  help  of  which  they  climb  with  ease. 
They  are  mostly  found  in  warm  countries,  especially  in  Ame- 
rica, but  one  species  {Hyla  arborea)  is  European  (fig.  154). 

Order  IV.  Labyrinthodontia.  —  The  members  of  this, 
the  last  order  of  the  Amphibia,  are  entirely  extinct  They 
were  Batrachians,  probably  most  neariy  allied  to  the  Uredela, 
but  all  of  large  size  and  some  of  gigantic  dimensions  the  skull 
of  one  species  (Zai_f»(«;';4o(^yi7^inyi)  bemg  upwards  ot  three 
i&^t  in  length  and  two  feet  m  breadth  The  Labyrmthodonts 
were  first  known  to  science  simply  by  their  footpnnts  which 
were  found  m  certain  sandstones  of  the  age  of  the  Trias. 
These  footprints  consisted  of  a  senes  ot  aitermte  pairs  of 
hand-shaped  impressions  the  hinder  print  of  each  p'vir  being 
much  laj^er  than  the  one  m  front  (hg  iGi)  60  hke  were 
these  impresiions  to\the  shape  of  the  h  man  hind  that  the 
unknown  animal  which  produced  them  was  at  once  chnstened 
Ckeirothet mm  or  Handbeast  Further  disco\ er  es  however, 
soon  showed  that  the  footprints  of  Cheirotherium  had  been 
produced  by  different  species  of  Batrachians,  to  which  the 
name  of  Labyrinth odonts  was  applied,  in  consequence  of  the 
complex  microscopic  structure  of  the  teeth. 


ofaLibyrinlhodonl(C/Mi> 


The  I^byrinthodonts  were  "  salamandriform,  with  relatively 
weak  limbs  and  a  long  tail" — (Huxley.)  The  vertet r a b centra 
and  arches  were  ossified,  and  the  bodies  of  the  dorsal  vertebrfe 
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are  biconcave  (amphictelous).  "  In  the  thoracic  region  three 
superficially-sculptured  exoskeletal  plates,  one  median  and  two 
lateral,  occupy  the  place  of  the  interclavicle  and  clavicles. 
Between  these  and  the  pelvis  is  a  peculiar  armour,  formed  of 
rows  of  oval  dermal  plates,  which  lie  on  each  side  of  the 
middle  line  of  the  abdomen,  and  are  directed  obliquely  for- 
wards and  inwards  to  meet  in  that  line."— (Huxley.) 

The  head  was  defended  by  an  external  covering  or  helmet 
of  hard  and  polished  osseous  plates,  sculptured  on  their  exter- 
nal surface,  and  often  exhibiting  peculiar,  smooth,  symmetrical 
grooves — the  so-called  "  mucous  canals."  The  skull  was  arti- 
culated to  the  vertebral  column  by  two  occipital  condyles. 
The  teeth  are  rendered  complex  by  numerous  foldings  of  their 
parietes,  giving  rise  to  the  "labyrinthine"  pattern,  from  which 
the  name  of  the  order  is  derived. 

The  Labyrinthodonts  are  known  to  occur  from  the  Carboni- 
ferous to  the  Triassic  or  Liassic  period  inclusively ;  but  they 
are  most  characteristically  and  distinctively  Triassic. 

Distribution  of  Amphibia  in  Time. — From  a  geological 
point  of  view,  by  far  the  most  important  of  the  Amphibia  are 
the  Labyrinthodomia,  the  distribution  of  which  has  just  been 
spoken  of  The  living  orders  of  Amphibia  are  of  much  more 
modem  date,  being,  as  far  as  known,  wholly  Tertiary  and 
Post-tertiary.  The  Anoura  are  represented  by  both  Toads 
and  Frogs  in  Miocene  times,  and  they  have  survived  to  the 
present  day.  The  "  Tailed  "  Amphibians  are  best  known  to 
geologists  by  a  singular  fossil,  which  was  described  by  its  ori- 
ginal di  coverer  as  human,  under  the  name  of  Homo  diluvii 
testis  The  fossil  in  question  is  of  Miocene  age,  and  it  is  now 
1  nown  to  belong  to  a  Salamander,  nearly  allied  to  the  giant- 
silmanier  of  Java  (Menopoma).  It  is  termed  the  Andnas 
Siheuchza-t 
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CHAPTER    LXII. 

CLASS  in.—REPTlLIA. 

The  second  great  division  of  the  Vertebrate  sub-kingdom, 
according  to  Huxley,  is  that  of  the  Sauropsida,  comprising  the 
true  Reptiles  and  the  Birds.  It  is,  no  doubt,  at  first  sight  an 
almost  incredible  thing  chat  there  should  be  any  near  bond  of 
relationship  between  the  Birds  and  the  Reptiles,  no  two  classes 
of  animals  being  more  unlike  one  another  in  habits  and  ex- 
terna! appearance.  It  is,  nevertheless,  the  fact  that  the  Birds 
are  more  nearly  related  to  the  Reptiles  than  to  any  other  class 
of  the  Vertebrata,  and  it  will  shortly  be  seen  that  many  affini- 
ties and  even  transitional  forms  are  known  to  exist  between 
these  great  sections.  The  Reptiles  and  Birds,  then,  may  be 
naturally  included  in  a  single  primary  section  of  Vertebrates, 
which  may  be  called  Saiiropsida  after  Huxley,  and  which  is 
defined  by  the  possession  of  the  following  characters : — At  no 
period  of  existence  are  branchis,  or  water-breathing  respiratory 
organs,  developed  upon  the  visceral  arches ;  the  embryo  is 
fiimished  with  a  welMeveloped  amnion  and  allantois ;  the  red 
corpuscles  of  the  blood  are  nucleated  (fig.  130,  b,  c);  the  skull 
articulates  with  the  vertebral  column  by  means  of  a  single 
articulating  surface  or  condyle;  and  each  half  or  "ramus"  of 
the  lower  jaw  is  composed  of  several  pieces,  and  articulates 
with  the  skull,  not  directly,  but  by  the  intervention  of  a  pecu- 
liar bone,  called  the  "  quadrate  bone,"  or  "  os  quadratum " 
(fig.  i6*)- 

These  being  the  common  characters  of  Reptiles  and  Birds 
by  which  they  are  collectively  distinguished  from  other  Verte- 
brates, it  remains  to  inquire  what  are  the  characters  by  which 
they  are  distinguished  from  one  another.  The  following,  then, 
are  the  characters  which  separate  the  Reptiles  from  the  Birds  : 
— The  blood  in  Reptiles  is  cold — that  is  to  say,  slightly  warmer 
than  the  external  medium — owing  mainly  to  the  fact  that  the 
pulmonary  and  systemic  circulations  are  always  directly  con- 
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nected  together,  either  within  the  heart  or  in  its  immediate 
neighbourhood,  so  that  the  body  is  supplied  with  a  mixture  of 
venous  and  arterial  blood,  in  place  of  pure  arterial  blood  alone. 
The  terminations  of  the  bronchi  at  the  surface  of  the  lung  are 
closed,  and  do  not  communicate  with  air-sacs,  placed  in  dif- 
ferent parts  of  the  body.  When  the  epidermis  develops  horny 
structures,  these  are  in  the  form  of  homy  plates  .or  scales,  and 
never  in  the  form  of  feathers.  The  fore-limbs  are  formed  for 
various  purposes,  including  in  some  cases  even  flight,  but  they 
are  never  constructed  upon  the  type  of  the  "  wings  "  of  Birds. 
Lastly,  with  one  or  two  doubtful  exceptions,  whilst  the  ankle- 
joint  is  placed  between  the  distal  and  proximal  portions  of  the 
tarsus,  the  tarsal  and  metatarsal  bones  of  the  hind-limb  are 
never  anchylosed  into  a  single  bone. 

These  are  the  leading  characters  by  which  Reptiles  are  dis- 
tinguished from  Birds,  but  we  must  not  forget  the  other  dis- 
tinctive peculiarities  in  which  Reptiles  agree  with  Birds,  and 
differ  from  other  Vertebrates — namely,  the  presence  of  an 
amnion  and  allantois  in  the  embryo,  the  absence  of  branchiffi 
at  all  times  of  life,  the  possession  of  only  one  occipital  condyle, 
and  the  articulation  of  the  complex  lower  jaw  with  the  skull  by 
means  of  a  quadrate  bone. 

It  is  now  necessary  to  consider  these  characteristics  of  the 
Re^tilia  a  little  more  minutely.  The  class  includes  the  Tor- 
toises and  Turtles,  the  Snakes,  the  Lizards,  the  Crocodiles,  and 
a  number  of  extinct  forms ;  and  with  the  exception  of  the  Tor- 
toises and  Turtles  they  are  mostly  of  an  elongated  cylindrical 
shape,  provided  posteriorly  with  a  long  tail.  The  limbs  may 
be  altogether  absent,  as  in  the  Snakes,  or  quite  rudinientary, 
as  in  some  of  the  Lizards  ;  but,  as  a  genera!  rule,  both  pairs  of 
limbs  are  present,  sometimes  in  the  form  of  ambulatory  legs, 
sometimes  as  swiiiiming-paddles,  and  in  some  extinct  forms 
modified  to  subserve  an  aerial  life.  The  endoskeleton  is 
always  well  ossified,  and  is  never  cartilaginous  or  semi-cartila- 
ginous, as  in  many  fishes,  and  some  Amphibians.  The  skull 
articulates  with  the  atlas  by  a  single  condyle.  The  lower  jaw 
is  complex,  each  half  or  ramus  being  composed  of  from  four  to 
six  pieces,  united  to  one  another  by  sutures  (fig,  162).  In  the 
Tortoises,  however,  these  are  anchylosed  into  a  single  piece, 
and  the  two  rami  are  also  anchylosed.  In  most  Reptiles,  how- 
ever, the  two  rami  of  the  lower  jaw  are  only  loosely  united— 
in  the  Snakes  by  ligaments  and  muscles  only,  in  the  Lizards 
by  fibro-cartilage,  and  in  the  Crocodilia  by  a  regular  suture. 
In  all,  the  lower  jaw  articulates  with  the  skull  by  a  quadmte 
bone  (fig.   162,  it)  ;   and  as  this  often  projects  backwards,  the 
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Opening  of  the  mouth  is  often  very  extensive,  and  may  even 
extend  beyond  the  base  of  the  skulL  Teeth  are  usually  pre- 
:  are  not  sunk  in  separate  sockets  or  alveoli,  except  in 


the  Crocodiles.  In  the  Tortoises  and  Turtles  alone  there  are 
no  teeth,  and  the  jaws  are  simply  sheathed  in  horn,  constituting 
a  kind  of  beak  like  that  of  a  bird. 

Ribs  are  always  present  and  always  well  developed,  but  they 
differ  much  in  form.  It  is  not  correct,  however,  to  regard  the 
presence  of  ribs  as  separating  the  true  Reptiles  from  the  Am- 
phibia, as  is  sometimes  stated.  Some  of  the  most  Lizard-like 
of  the  Amphibians,  such  as  the  Siren,  possess  short  but  well- 
developed  ribs,  and  rudiments  of  ribs  are  traceable  in  other 
orders;  whilst  in  the  Cacilim  they  are  large  and  well  de- 
veloped. 

As  regards  the  exoskelcton,  all  Reptiles  have  homy  epider- 
mic scales,  and  they  are  divided  into  two  great  sections— called 
respectively  Squamata  and  Loricata — according  as  the  integu- 
mentary skeleton  consists  simply  of  these  scales,  or  there  are 
osseous  plates  developed  in  the  derma  as  well.  In  the  Tor- 
toises, the  epidermic  plates  unite  with  the  bony  exoskeleton 
and  with  the  true  endoskeleton  to  form  the  case  or  box  in 
which  the  body  of  these  animals  is  enclosed. 

The  digestive  system  of  the  HeptiHa  possesses  few  characters 
of  any  special  importance,  except  that  the  rectum  opens,  as 
in  Amphibia,  into  a  common  cavity  or  "  cloaca,"  which  not 
only  receives  the  fseces,  but  also  serves  for  the  discharge  of 
the  products  of  the  urinary  and  generative  organs. 

The  fuart  in  the  Reptiles  consists  of  two  completely  separate 
auricles,  and  a  ventricular  cavity,  which  is  divided  into  two  by 
an  incomplete  partition.     In  tke  CrocodiUa  alone  is  the  septum 
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between  the  ventricles  a  perfect  one,  and  even  in  these,  as  in 
all  other  Reptiles,  the  heart  consists  functionally  of  no  more 
than  three  chambere.  The  ordinary  course  of  the  circulation, 
where  the  ventricular  septum  is  imperfect,  is  as  follows  : — The 
impure  venous  blood  returned 
from  the  body  is,  of  course, 
poured  by  the  venEe  cavse  into  the 
right  auricle  (fig.  163,  4),  and 
thence  into  the  ventricje.  The 
pure  arterial  is  ed  and  aerated 
blood  that  has  passed  through 
the  lungs,  is,  equally  of  course, 
poured  into  the  left  auricle  (a'), 
and  thence  propelled  into  tiie 
ventricle  (^),  As  the  ventricular 
cavity  is  single,  and  not  divided 
by  a  complete  partition,  it  fol- 
lows of  necessity  that  there  is  a 
mbtture  in  the  ventricle,  resulting 
in  the  production  of  a  mixed 
fluid,  consisting  partly  of  venous 
and  partly  of  arterial  blood. 
This  mixed  fluid,  then,  occupies 
the  common  ventricular  cavity, 
and  by  this  it  is  driven  both  to 
the  lungs  (through  the  pulmonary 
artery),  and  to  the  body  (through 
on  in  ^^  systemic  aorta).  Conse- 
3  left  quentty,  in  Reptiles,  both  the 
i  are  lungs  and  the  various  tissues  and 
cioB-shaded.)  b  RigJit  aiiricie,  leceiv-  organs  of  the  body  are  supplied 

IPg  venous  blood  ffom  the  body;   «"        A  -    ,  c         ,      ■    i  j 

Lift  auricle,  recdving  Htieriai  blood  With  a  mixture  of  arterial  and 
^  ™t3nl^^  w;C;^wM.1^^;  venous  blood,  and  not  with  un- 

tncle.coiilaininjimxed  hlood.whichis       .,,,,'        ,        ,  ,, 

driven  by  (/)  the  polmooary  anery  to   miXed    blood the     iungS     With 

^e  tags,  and  by  („)  the  aona  to  .he  ^^^y^^  venoUS,  and  die  body  with 

purely  arterial  blood — as  is  the 
case  with  the  higher  Vertebrata.  In  the  Crocodilza,  as  before 
said,  the  partition  between  the  ventricles  is  a  complete  one. 
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venous  takes  place  as  in  the  lower  Re^ilia,  though  probably 
not  to  so  complete  an  extent.  It  is  this  peculiarity  of  the 
circulation  in  all  Reptiles  which  conditions  their  low  tempera- 
ture, slow  respiration,  and  generally  sluggish  vital  actions. 

TTie  lungs  in  all  Reptiles,  except  the  Crocodiles,  are  less 
completely  cellular  than  in  the  Birds  and  Mammals,  and  they 
often  attain  a  very  great  size.  In  no  Reptile  is  the  cavity  of 
the  thorax  shut  off  from  that  of  the  abdomen  by  a  complete 
muscular  partition  or  "  diaphragm ; "  though  traces  of  this 
structure  are  found  in  the  Crocodiles,  The  lungs,  therefore, 
often  extend  along  the  whole  length  of  the  thoracico-abdominal 
cavity.  In  no  case  are  the  lungs  connected  with  air-receptacles 
situated  in  different  parts  of  the  body ;  and  not  uncommonly 
there  is  only  a  single  active  lung,  the  other  being  rudimentary 
or  completely  atrophied  {Ophidid). 

Lastly,  all  reptiles  are  essentially  oviparous,  but  in  some 
cases  the  eggs  are  retained  within  the  body  till  the  young  aie 
ready  to  be  excluded,  and  the  animals  are  then  ovo- viviparous. 
The  egg-shell  is  usually  parchment-like,  but  sometimes  contains 
more  or  less  calcareous  matter. 


CH.\?TER    LXIII. 

DIVISIONS   OF  REPTILES. 

Chelonia  and  Ophidia. 

The  class  Repilia  is  divided  into  the  following  nine  orders, 
of  which  the  first  four  are  represented  by  living  forms,  whilst 
the  remaining  five  are  extinct  ;— 

1.  Chelonia  (Tortoises  and  Turtles).  1 

2.  ^/>i/^^  (Snakes^  ^^^^^_ 

3.  Laterhlia  (Lizards).  j 

4.  Crocodilia  (Crocodiles  and  Alligators). ' 

5.  Ichthyopt^ygia. 


Anoniodoniia.  -  }  Estinct. 

F/erosaurta. 

Deinosauria. 

Order  I.  Chelonia. — ^The  first  order  of  living  Reptiles  is 
that  of  the  Chdonia,  comprising  the  Tortoises  and  Turtles,  and 
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distinguished  by  the  following  characters  : — There  is 
exoskeleton  which  is  combined  with  the  endoskeleton  to  form 
a  kind  of  bony  case  or  box  in  which  the  body  of  the  animal  is 
enclosed,  and  which  is  covered  by  a  leathery  skin,  or,  more 
usually,  by  horny  epidermic  plates.  The  dorsal  vertebrie,  with 
the  exception  of  the  first,  are  immovably  connected  together, 
and  are  devoid  of  transverse  processes.  The  ribs  are  greatly 
expanded  (fig.  164,  r),  and  are  united  to  one  another  by 
sutures,  so  that  the  walls  of  the  thoracic  cavity  are  immovable. 
All  the  bones  of  the  skull  except  the  lower  jaw  and  the  hyoid 
bone  are  immovably  united  together.  There  are  no  teeth,  and 
the  jaws  are  encased  in  hom  so  as  to  form  a  kind  of  beak. 
The  tongue  is  thick  and  fleshy.  The  heart  is  three-chambered, 
the  ventricular  septum  being  imperfect  There  is  a  lai^e  uri- 
nary bladder,  and  the  anal  aperture  is  longitudinal  or  circular, 
1'he  lungs  are  voluminous,  and  respiration  is  by  swallowing  air, 
as  in  the  Frogs.  All  will  pass  prolonged  periods  without  food, 
and  will  live  and  move,  even  for  months,  after  the  removal  of 
the  entire  brain.— (Redi.) 

Of  these  characters  of  the  Chtloma,  the  n  ost  important  and 
distinctive  are  the  nature  of  the  jans,  and  the  stnicture  of  the 
exoskeleton  and  skeleton.  As  regards  the  first  of  these  points, 
the  lower  jaw  in  the  adult  appears  to  consist  of  a  single  piece, 
its  complex  character  being  masked  by  anchylosis.  The  sepa- 
rate pieces  which  really  compose  each  ramus  of  the  jaw  are 
immovably  anchylosed  together,  and  the  two  rami  are  also 
united  in  front  by  a  true  bony  union.  There  are  also  no 
teeth,  and  the  edges  of  the  jaws  are  simply  sheathed  in  hom, 
constituting  a  sharp  beak.  In  the  Chdydidm  and  Trionycidm, 
however,  the  horny  Jaws  are  covered  with  soft  skin,  constituting 
ak'ndof  rps.  As  regards  the  second  of  these  points,  the  bony 
ca  e  n  which  the  body  of  a  Chelonian  is  enclosed  consists 
e    ent  ally  of  two  pieces,  a  superior  or  dorsal  piece,  generally 

o  e  ailed  the  "  carapace,"  and  an  inferior  or  ventral  piece, 
g  ne  ally  flat  or  concave,  called  the  "plastron."  The  carapace 
a  d  pla  t  on  are  firmly  united  along  their  edges,  but  are  so 
e  ca  ated  in  front  arid  behind  as  to  leave  apertures  for  the 
h  ad  ta  1  and  fore  and  hind  limbs.  The  limbs  and  tail  can 
aln  o  t  always  be  withdrawn  at  will  under  the  shelter  of  the 

ho  a  o-abdominal  case  formed  in  this  way  by  the  carapace 
and  pla  t  on,  and  the  head  is  also  generally  retractile. 

The  a  apace  or  dorsal  shield  is  composed  of  the  following 
el       nt    — 

The  spinous  processes  of  the  dorsal  vertebra,   which    are 
much  flattened  out  laterally  and  form  a  series  of  broad  plates. 
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2.  The  rU)S,  which  are  also  much  flattened  and  expanded,  and 
constitute  what  are  known  as  the  "costal  plates"  (iig.  164,  r). 
They  are  generally  eight  in  number  on  each  side,  and  are 
commonly  united  throughout  the  whole  of  their  lateral  margins 
by  sutures.  In  some  cases,  however,  they  leave  marginal 
apertures  towards  their  e\tremities  and  these  openings  dre 
simply  covered  by  a  leathery  skm  or  by  homy  plates.  3.  The 
margin  of  the  carapace  is  com}.leted  by  a  senes  of  bony  plates, 
which  are  called  the  "  mar^mal  plates.      These  are  variously 


,  and  uniKif'by  Ihcjt  tdgcs;  j^capular  arch, 
'in^  the  fon-LiiDbs  ;  p  pavic  arch,  also  placed 


regarded  as  being  dermal  bones  belonging  to  the  exoskeleton, 
or  as  being  endoskeletal,  and  as  representing  tlie  ossified 
cartilages  of  the  ribs  {in  this  last  case  the  marginal  plates 
would  correspond  with  what  are  known  as  the  "  sternal  ribs  " 
of  Birds). 

The  "  plastron  "  or  ventral  shield  is  composed  of  a  number 
of  bony  plates  (nine  in  number),  the  nature  of  which  is  doubt- 
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ful.  By  some,  the  plastron  is  still  regarded  as  a  greatly-devel- 
oped breast-botie  or  sternum.  By  others,  again,  the  Chdmiia 
are  regarded  as  being  wholly  without  a  sternum,  and  the 
bones  of  the  plastron  are  looked  upon  as  exclusively  integu- 
mentary ossifications.  Both  the  carapace  and  the  plastron 
are  covered  by  a  leathery  skin,  or  more  generally  by  a  series 
of  horny  plates  (fig.  165),  which  roughly  correspond  with 
the  bony  plates  below,  and  which  constitute  in  some  species 
the  "  tortoise-sheU  "  of  commerce.  These  epidermu  plates, 
however,  must  on  no  account  be  confounded  with  the  true 
bony  box  in  which  the  animal  is  enclosed,  and  which  is  pro- 
duced partly  by  the  true  endoskeleton  and  partly  by  dermal 
integumentary  ossifications. 

The  other  points  of  Importance  as  regards  the  endoskeleton 
are  these: — 

Firstly,  The  dorsal  vertebne  are  immovably  joined  together, 
and  have  no  transverse  processes,  the  heads  of  the  ribs  uniting 
directly  with  the  bodies  of  the  vertebrae. 

Secondly,  The  scapular  and  pelvic  arches,  supporting  the 
fore  and  hind  limbs  respectively  (fig.  164,  s  and  /),  are  placed 
lailhin  the  carapace,  so  that  the  scapular  arch  is  thus  inside  the 
ribs,  instead  of  being  outside,  as  it  normally  Js.  The  scapular 
arch  consists  of  the  shoulder-blade  or  scapula,  and  two  other 
bones,  of  which  one  corresponds  with  the  acromion  process  of 
human  anatomy,  and  the  other  to  the  coracoid  process,  or  to 
the  "coracoid  bone"  of  the  Birds.  The  clavicles,  as  is  also 
the  case  with  the  Crocodilia,  are  absent. 

The  order  Chdonia  is  conveniently  divided  into  three  sec- 
tions, according  as  the  limbs  are  natatory,  amphibious,  or  ter- 
restrial. In  the  6rst  of  these,  the  limbs  are  converted  into 
most  efficient  swimming-paddles,  all  the  toes  being  united  by  a 
common  covering  of  integument.  In  this  section  are  the  well- 
known  'Y\a^^'h(Chelomidm\  all  of  which  swim  with  great  ease  and 
power,  but  are  comparatively  helpless  upon  the  land  (fig.  165). 
The  legs  are  of  unequal  length,  and  the  carapace  is  much  de- 
pressed and  flattened.  The  best-known  species  are  the  "edible" 
or  Green  Turtle  {Clielonta  mydas),  the  Loggerhead  Turtle 
{Chehnia  caouannd),  the  Hawk's-bill  Turtle  (C  imbrkafd), 
and  the  Leathery  Turtle  (Sphargis  coriacm).  The  Green  Turtle 
is  largely  imported  into  this  country  as  a  delicacy,  and  occurs 
abundantly  in  various  parts  of  the  Atlantic  and  Indian  Oceans. 
The  HawkVbill  Turtle  is  of  even  greater  commercial  impor- 
tance, as  the  homy  epidermic  plates  of  the  carapace  constitute 
the  "  tortoise-sheU"  so  largely  used  for  ornamental  purposes. 
The  Leathery  Turtle  is  remarkable  in  having  the  carapace 
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covered  with  a  leathery  skin  in  pkce  of  tlie  horny  plates  which 
are  found  in  other  species. 

In  the  second  section  of  the  Chelonia,  in  which  the  limbs  are 
adapted  for  an  amphibious  life,  are  the  Mud-turtles  or  Soft 
Tortoises  (Trionycidm),  and  the  Terrapins  {Emydida).  In  the 
Trionycida  the  development  of  the  carapace  is  imperfect,  the 
ribs  being  expanded  and  united  to  one  another  only  near  their 
bases,  and  leaving  apertures  near  their  extremities.  The 
entire  carapace  is  covered  by  a  smooth  leathery  skin,  and  the 
horny  jaws  are  furnished  with  fleshy  lips.  All  the  Tnonyddce 
inhabit  fresh  water  and  are  carnivorous  in  their  habits.  Good 
examples  are  found  in  the  Soft-shelled  Turtle  {7>/iJ«ja:^/'i'.J^}, 


Tanlc  iChehitia.  imirt  a. 


and  the  large  and  fierce  Snapping  Turtle  {Chehdra  serpentina) 
of  the  United  States;  but  other  species  are  found  in  Egypt 
and  in  the  East  Indies.  The  Terrapins  (^Emys)  have  a  homy 
beak,  and  have  the  shield  covered  with  epidermic  plates.  They 
are  inhabitants  of  fresh  water,  and  are  most  of  them  natives  of 
America. 

The  third  section  of  the  Chelonia  comprises  only  the  Land 
Tortoises  (Tesiudimda),  in  which  the  limbs  are  adapted  for  ter- 
restrial progression,  and  the  feet  are  furnished  with  short  nails. 
The  carapace  is  strongly  convex,  and  is  covered  by  homy  epi- 
dermic plates ;  the  head,  limbs,  and  tail  can  be  completelly  re- 
tracted within  the  carapace.  Though  capable  of  swimming, 
the  Tortoises  are  really  terrestrial  animals,  and  are   strictly 
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vegetable- feeders.  The  most  familiar  species  is  the  Testudo 
Graca,  which  is  indigenous  in  Spain,  Italy,  and  Greece.  A 
much  lai^er  species  is  the  Indian  Tortoise  {Testudo  Indtca), 
which  attains  a  length  of  over  three  feet 

DiSTRiBUTioi'i  or  Chelonia  in  Time. — The  earliest-known 
traces  of  Chelonians  occur  in  the  Permian  rocks,  in  the  lower 
portion,  that  is,  of  the  New  Red  Sandstone  of  older  geologists. 
These  traces,  however,  are  not  wholly  satisfactory,  since  they 
consist  solely  of  the  footprints  of  the  animal  upon  the  ripple- 
marked  surfaces  of  the  sandstone.  Of  this  nature  is  the  CJuUch- 
nus  Duncani,  described  by  Sir  William  Jardine  in  his  classical 
work  on  the  "  Ichnology"  of  Annandale  in  Dumfriesshire,  The 
earliest  unequivocal  remains  of  Chelonians  are  in  the  Oolitic 
rocks  (the  Chdon'm  plank^s  of  the  Portland  Stone).  Fossil 
CMoniida,  EmydUia,  and  Trionyddm  occur,  also,  from  the 
Upper  Oolites  to  the  present  day,  the  Eocene  period  being 
peculiarly  rich  in  their  remains.  In  the  Tertiary  deposits  of 
India  (Sivalik  Hills)  there  occurs  a  gigantic  fossil  Tortoise — 
the  CoUssockelys  Atlas — which  is  believed  to  have  been  eighteen 
to  twenty  feet  in  length,  and  to  have  possibly  survived  to 
within  the  human  period. 

Order  II.  Ophidia. — The  second  order  of  Reptiles  is 
that  of  the  Ophidia,  comprising  the  Snakes  and  Serpents,  and 
distinguished  by  the  following  characters  : — 

The  body  is  always  more  or  less  elongated,  cylindrical,  and 
worm-like,  and  whilst  possessing  a  covering  of  homy  scales,  is 
always  unprovided  with  a  bony  exoskeleton.  The  dorsal  ver- 
tebwe  are  concave  in  front  (proccelous),  with  rudimentary  trans- 
verse processes.  There  is  never  any  sternum,  nor  pectoral 
arch,  nor  fore-limbs,  nor  sacrum,  and  as  a  rule  there  are  no 
traces  of  hind-limbs.  Rudimentary  hind-limbs,  however,  are 
occasionally  present  {e.g.,  in  Python  and  Tortrix).  There  are 
always  numerous  ribs.  The  two  halves  or  rami  of  the  lower 
jaw  are  composed  of  several  pieces,  and  the  rami  are  united 
anteriorly  by  ligaments  and  muscles  only,  and  not  by  cartilage 
or  suture.  The  lower  jaw  further  articulates  with  the  skull  by 
means  of  a  quadrate  bone  (fig.  162,  o),  which  is  always  more 
or  less  movable,  and  is  in  turn  united  with  the  squamous  por- 
tion of  the  temporal  bone  ("  mastoid  bone "),  which  is  also 
movable,  and  is  not  firmly  united  with  the  skull.  The  superior 
maxillse  are  united  with  the  prsemaxillie  by  ligaments  and 
muscles  only,  and  the  palatine  arches  are  movable  and  armed 
with  pointed  recurved  teeth.  Hooked  conical  teeth  are  always 
present,  but  they  are  never  lodged  in  distinct  sockets  or  alveoli. 
Functionally,  they  are  capable  of  performing  nothing  more 
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thqn  merely  holding  the  prey  fast,  and  the  Snakes  are  provided 
u'ith  no  genuine  masticatory  apparatus.  The  heart  has  three 
chantbers,  two  auricles  and  a  ventricle,  the  latter  imperfectly 
divided  into  two  cavities  by  an  incomplete  septum.  The  lungs 
and  other  paired  organs  are  mostly  not  bilaterally  symmetrical, 
one  of  each  pair  heing  either  rudimentary  or  absent.  There  is 
no  urinary  bladder,  and  the  cloacal  aperture  is  transverse. 

Of  these  characters  of  the  snakes,  the  most  obvious  and 
striking  are  to  be  found  in  the  nature  of  the  organs  of  locomo- 
tion. The  front  limbs,  with  the  scapular  arch  and  sternum, 
are  invariably  altogether  absent ;  and  the  hind-limbs,  if  not 
wholly  wanting,  are  never  represented  by  more  than  an  im- 
perfectly-developed series  of  bones  concealed  within  the 
muscles  on  each  side  of  the  anal  aperture,  and  never  exhibiting 
any  outward  evidence  of  their  existence  beyond  the  occasional 
presence  of  short  horny  claws  or  spurs  {"  calcaria "}.  In  the 
entire  absence,  then,  or  rudimentary  condition  of  the  limbs, 
the  Snakes  progress  by  means  of  the  ribs.  These  bones  are 
always  extremely  numerous  (sometimes  amounting  to  more 
than  three  hundred  pairs),  and  in  the  absence  of  a  sternum, 
they  are,  of  course,  extremely  movable.  Their  free  extremities, 
in  fact,  are  simply  terminated  by  tapering  cartiiages,  which  are 
attached  by  muscular  connections  to  the  abdominal  scales  or 
"scuta"  of  the  integument  By  means  of  this  arrangement 
the  Serpents  are  enabled  to  progress  rapidly,  walking,  so  to 
speak,  upon  the  ends  of  their  ribs ;  their  movements  being 
much  facilitated  by  the  extreme  mobility  of  the  whole  vertebral 
colunm,  conditioned  by  the  cup-and-ball  articulation  of  the 
bodies  of  the  vertebrse  with  one  another. 

The  body  in  the  Snakes  is  covered  with  numerous  scales, 
developed  apparently  in  the  lower  layer  of  the  epidermis,  and 
covered  by  a  thin,  translucent,  superficial  pellicle,  which  is  peri- 
odically cast  off  and  renewed.  On  the  head  and  along  the 
abdomen  these  scales  are  larger  than  over  the  rest  of  the  body 
and  they  constitute  what  are  known  as  the     scuta    or  shields 

The  only  otiier  [  omts  in  the  anatomy  of  the  Ophi  /i »  «  hich 
demand  special  attention  are  the  structure  ot  the  tonf,ue  teeth 
and  eye. 

The  tongue  m  the  Snakes  s  prolally  an  or^an  more  of 
touch  than  of  t-iste  It  consists  of  two  muscular  (,}hnders 
united  towards  their  base'*  but  free  towards  their  extremil  es 
The  bifid  organ  thus  coi  atituted  can  be  protruded  and 
retracted  at  will  being  in  constant  vibrat  on  nhen  protruded, 
and  being  n  great  part  concealed  by  a  sheath  when  retracted 

As  regards  the   eye   gf  Sernents  (fig.    t66,  A),  the   chief 
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stare  of  all  snakes.  In  place  of  eyelids,  the  eye  is  surroiradcd 
by  a  circle  of  scales  {^  e),  to  the  circumference  of  which  is 
attached  a  layer  of  transparent  epidermis,  wliich  covers  .the 
whole  eye  {d),  and  is  termed  the  antocular  membrane.  This 
is  covered  internally  by  a  thin  layer  of  the  conjunctiva,  which 
is  reilected  forwards  from  the  conjunctiva  covering  the  ball  of 
the  eye  itself.  In  this  way  a  cavity  or  chamber  is  formed 
between  the  two  layers  of  conjunctiva,  and  the  lachrymal 
secretion  by  which  the  eye  is  moistened  is  received  into  this. 
The  outer  epidermic  layer  {antocular  membrane)  covering  the 
ball  of  the  eye  in  front,  is  periodically  shed  with  the  rest  of  the 
epidermis,  the  animal  being  rendered  thereby  blind  for  a  few 
days.  The  pupil  of  the  eye  is  round  in  most  Snakes,  but  forms 
a  vertical  slit  in  the  venomous  Serpents  and  in  the  Boas. 

As  regards    the    dental    and    maxillary  apparatus   of  the 
Serpents    the  following  points   require    notice : — Firsth    in 
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can  be  performed.  Secondly,  this  structure  of  the  jaws  accords 
exactiy  with  the  structure  of  the  teeth,  both  concurring  to" 
render  the  Snakes  wholly  incapable  of  anything  like  mastica- 
tion, and  at  the  same  time  capable  of  swallowing  immense 
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morsels  entire.  The  teeth,  namely,  are  simply  fitted  for 
seizing  and  holding  the  prey,  but  not  in  any  way  for  dividing 
or  chewing  it.  In  the  non-venomous  and  most  typical  Snakes, 
the  jaws  and  palatine  bones  carry  continuous  rows  of  solid 
conical  teeth,  so  that  there  are  four  rows  above  and  two  below; 
and  the  superior  maxillEe  are  very  long  and  are  not  movable. 
Thirdly,  in  the  Viperine  Snakes  the  ordinary  teeth  are  wanting 
upon  the  superior  maxillas,  whilst  these  bones  are  themselves 
very  much  shortened,  and  are  capable  of  being  raised  and 
depressed  at  will.  In  place  of  the  ordinary  teeth,  each  maxilla 
carries  a  "  poison-fang,"  in  the  form  of  a  long,  conical,  curved 
fang,  which  is  concealed  in  a  fold  of  the  gum  when  not  in  use, 
and  has  numerous  germs  or  reserve-fangs  behind  it  (fig.  i66,  B). 
Each  tooth  is  perforated  by  a  tube,  opening  by  a  distinct  aper- 
ture at  the  apex  of  the  tooth,  and  conveying  the  duct  of  the 
so-called  poison-gland.  (In  reality  the  poison-duct  of  the  fang 
is  fomied'by  an  inflection  of  the  tooth  upon  itself,  and  not  by 
its  actual  perforation.)  This  is  a  gland,  probably  produced  by 
a  modification  of  one  of  the  buccal  salivary  glands,  situated 
behind  and  under  the  eye  on  each  side,  and  secreting  Che  fluid 
which  renders  the  bite  of  these  snakes  dangerous  or  fatal. 
When  the  animal  strikes  ils  prey,  the  poison-fangs  are  erected, 
and  the  poison  is  forced  through  the  tube  which  perforates 
each,  partly  by  the  contractions  of  the  muscular  walls  of  the 
gland,  and  partly  by  the  muscles  of  the  jaivs.  In  most  poison- 
ous snakes  the  superior  maxillfe  carry  no  other  teeth  except 
the  poison-fangs  and  their  rudimentary  successors,  but  in  some 
cases  there  are  a  few  teeth  behind  the  fangs ;  whilst  the  pala- 
tine teeth  are  always  present,  as  in  the  harmless  species.  In 
some  other  venomous  Snakes,  again  {e.g.,  Naja  and  the  JJydro- 
phidd),  the  jaws  and  teeth  agree  in  most  characters  with  those 
of  the  non-venomous  Snakes,  but  the  first  maxillary  teeth  are 
larger  than  the  others,  and  form  canaliculated  fangs.  Lastly, 
in  a  few  forms  the  terminal  maxillary  teeth  are  deeply  cana- 
liculated, but  are  not  connected  with  the  duct  of  any  poison- 

Fourthly,  in  all  the  Serpents  the  teeth  are  anchylosed  to  the 
jaw,  and  are  never  sunk  into  distinct  sockets  or  alveoli. 

A  good  classification  of  the  Ophidia  is  still  a  desideratum, 
and  probably,  in  the  meanwhile,  the  one  proposed  by  Dr  Gray 
is  the  best.  This  eminent  naturalist  divides  the  Snakes  into 
the  two  sub-orders  of  the  Viperina  and  Colubrma,  the  former 
having  only  two  perforated  poison -fangs  on  the  superior 
maxillse,  whilst  these  bones  in  the  latter  cany  solid  teeth, 
either  with  or  without  additional  canaliailated  fangs. 
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Tlie  sub-order  Viperina  comprises  the  common  Vipere 
(  Viperidd),  and  the  Rattlesnakes  (  Crolaiida),  the  former  being 
mostly  confined  to  the  Old  World,  whilst  the  latter  are  wholly 
American.  The  common  Viper  {Peltas  berus),  occurs  abun- 
dantly in  England  and  Scotland,  and  is  capable  of  inflicting 


a  severe  and  even  dangerous  bite,  though  it  is  doubtful  if 
fatal  effects  ever  follow  except  in  tlie  case  of  children  or  sub- 
jects previously  dobililated.  The  Rattlesnakes  are  exclusively 
natives  of  America,  and  they  are  h^hly  poisonous.  The  ex- 
tremity of  the  tail  in  the  true  Rattlesnake  (Crotaltis  korrtdus) 
is  furnished  with  a  series  of  homy  epidermic  cells  of  an  undu- 
lated pyramidal  shape,  articulated  one  within  the  other,  consti- 
tuting an  appendage  which  is  known  as  the  "rattle."  Before 
striking  its  prey,  the  Rattlesnake  throws  itself  into  a  coil,  and 
shakes  its  rattle,  as  it  does  also  when  alarmed.  The  head  of 
the  Viperine  Snakes  (figs,  i66,  i68)  is  broad,  somewhat  tri- 
angular in  shape,  broadest  at  its  middle,  and  showing  a  very 
distinct  line  of  demarcation  between  the  head  and  neck.  The 
head,  also,  is  usually  covered  with  small  scales,  rarely  inter- 
spersed with  larger  plates  or  "scuta"  (fig.  i68).  Other  well- 
known  members  of  this  group  are  the  Death  Adder  {Acanthophh 
tortor)  of  Australia,  the  Horned  Viper  (Cerastes)  of  Africa,  and 
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the  Puff  Adder  {Clotho  aridans)  of  the  Cape  of  Good  Hope 
The  Colubrina  include  for  the  most  part  harmless  snakes,  but 
together  with  these  are  some  of  the  most  deadly  of  all  the 
venomous  snakes.  la  accordance  with  this  they  are  often 
divided  into  the  three  sections  of  the  Innocua,  Suspecia,  and 
Venenosa.  In  the  first  of  these  sections  {Innocua),  the  superior 
maxilife  are  provided  with  solid  teeth  only,  and  there  are  no 
fangs.  In  this  section  are  the  common  Ringed  Snake  of  Bri- 
tain and  the  Boas  and  Pythons  of  warm  climates.  The  com- 
mon Ringed  Snake  {Coluber  natrix)  of  Britain  is  a  perfectly 
harmless  animal  which  is  commonly  found  in  damp  situations, 
and  which  lives  mainly  upon  frogs.  Closely  allied  to  this  is 
the  Black  Snake  (Basmnion  constrictor),  whidi  attains  a  length 
of  from  three  to  live  feet,  but  is  perfectly  harmless,  so  far  as 
man  is  concerned.  The  Boidiz  or  Boas  and  Pythons  are  the 
largest  of  all  living  snakes,  attaining,  a  length  of  certainly  over 
twenty  feet.  Their  bite  is  perfectly  harmless,  but  they  are 
nevertheless  highly  dangerous  and  destructive  animals,  owing 
to  their  great  size  and  enormous  muscular  power.  They  seize 
their  prey  and  coil  themselves  round  it  in  numerous  folds,  by 
tightening  which  they  gradually  reduce  their  victim  to  the  con- 
dition of  a  shapeless  bolus,  fit  to  be  swallowed.  In  this  way  a 
good-si^d  Python  or  Boa  will  certainly  dispose  of  an  animal 
as  large  as  a  sheep  or  goat,  and  it  is  asserted  that  even  human 
beings  may  be  devoured  in  this  way  by  large  individuals  of  the 
family.  The  Boas  and  Pythons  occur  in  both  the  Old  and  New 
World,  the  Pythons,  however,  all  belonging  to  the  Old  World ; 
and  they  are  amongst  the  most  formidable  of  all  living  Ophidians. 
They  possess  rudimentary  hind-limbs  terminating  in  homy  anal 
spurs,  which  co-operate  with  the  prehensile  tail  in  enabling  the 
animal  to  suspend  itself  from  trees  In  all  also  tl  e  dental 
apparatus  is  extremely  powerful  ^'vig  a  firm  hold  for  the  toi 
striction  of  the  prey. 

In  the  section  Sttspecta,  n\  which  there  are  cinilicuialtd 
fengs  placed  far  back  on  the  superior  maxillas  with  smilLr 
solid  teeth  in  front  of  them  are  certain  unimportant  snikes 
partly  aquatic  and  partly  terrestnal  in  their  habits  and  all  be 
longing  to  the  Old  World. 

In  the  group  Venenosa,  in  wh  ch  tl  ere  are  canahculated 
fangs  placed  in  front  of  the  super  or  ma\  U-e  with  smaller  sol  d 
teeth  behind  thera,  are  some  of  the  most  deadly  of  all  Imn^ 
serpents.  One  of  the  best  kno«-n  of  these  is  the  Hooded 
Snake,  or  Cobra  dt  Capello  (  Yaja  tripudians)  which  is  com 
monly  found  in  Hindostan,  and  is  the  snake  i  sually  earned 
about  by  the  Indian  snake-charmers      It  vanes  tnm  two  to 
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six  feet  in  length,  and  the  neck  can  be  exteosively  dilated, 
covering  the  head  like  a  hood.  A  neatiy-allied  species  is  the 
Naia  Haje  {(\g.  167)  of  Egypt.  Also  in  this  section  are  the 
venomous  Water-snakes  {Ilydrop/iida),  which  have  a  com- 
pressed tail,  and  are  adapted  for  an  aquatic  life.  They  mostly 
frequent  the  mouths  of  rivers  in  droves,  and  they  swim  with 
great  grace  and  rapidity. 

A  verj'  good  general  character  by  which  the  Colubrine  snakes 
may  be  distinguished  from  the  Viperine  snakes,  is  in  the  shape 
and  armature  of  the  head.  In  the  Viperina,  as  before  said, 
the  head  (figs.  166,  t68)  is  triangular.  Broadest  behind,  and 
separated  from  the  neck  by  a  more  or  less  marked  diminution 
in  the  diameter  of  this  latter  part.  The  scales,  too,  which 
cover  the  head  are  of  small  size.  In  the  Colubrine  snakes,  on 
the  other  hand,  the  head  is  not  markedly  triangular,  and  gra- 
dually tapers  off  into  the  neck,  whilst  the  upper  surface  of  the 


head  is  usually  covered  with  large  shield-like  plates  or  "scuta" 
(fig.  168,  A). 

Distribution  or  Ophidia  in  Time. — The  Ophidia  are  not 
known  to  occur  in  any  PalEeozoic  or  Mesozoic  deposit  The 
earliest-known  traces  of  any  serpent  are  in  the  Lower  Kaino 
zoic  Rocks,  the  oldest  being  the  Palceophts  toliapkus  of  the 
London  Clay  of  Sheppey.  The  x^^sx\y-3XvtA.Palaophis  typhaus 
erf  the  Eocene  beds  of  Bracklesham  appears  to  have  been  a 
Boa -constrictor -like  snake  of  about  twenty  feet  in  length. 
C  ther  species  oiPalaophis  have  been  described  from  theTertiary 
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Rocks  of  the  United  States,  and  the  genus  Dinopkts  has  been 
fonned  for  the  reception  of  another  gigantic  constricting  Ser- 
pent from  the  same  formation.  In  some  of  the  later  deposits 
have  been  found  the  poison-fatigs  of  a  venomous  snake.  Upon 
the  whole,  however,  the  snakes  must  be  looked  upon  as  a  com- 
paratively modem  group,  and  not  as  one  of  any  great  geological 
antiquity. 


CHAPTER    LXIV. 

LACKRTILIA  AND  CROCODILIA. 

Order  III.  Lacertilia. — The  third  order  of  Reptiles  is  that 
of  the  Lacertilia,  comprising  all  those  animals  which  are  com- 
monly known  as  Lizards,  together  with  some  serpentiform  ani- 
mals such  as  the  Blind-worms.  The  Lacertilia  are  distinguished 
by  the  following  characters  : — 

As  a  general  rule,  there  are  two  pairs  of  well -developed 
iimbs,  but  there  may  be  only  one  pair,  or  all  the  limbs  may  be 
absent.  A  scapular  arch  is  always  present,  whatever  the  con- 
dition of  the  limbs  may  be.  An  exoskeleton,  in  the  fonn  of 
homy  scales  like  those  of  the  Snakes,  is  almost  always  present. 
The  vertebrte  of  the  dorsal  region  are  proccelous  or  concave  in 
front,  rarely  amphiccelous  or  concave  at  both  ends.  There  is 
a  single  transverse  process  at  each  side,  and  the  heads  of  the 
ribs  are  simple  and  undivided.  There  is  either  no  sacrum,  or 
the  sacral  vertebrse  do  not  exceed  two  in  number.  The  teeth 
are  not  lodged  in  distinct  sockets.  The  eyes  are  generally 
furnished  with  movable  eyelids,  and  are  always  so  in  the  com- 
pletely snake-like  fonns.  The  heart  consists  of  two  auricles 
and  a  ventricle,  the  latter  partially  divided  by  an  incomplete 
partition.  There  is  a  urinary  bladder,  and  the  aperture  of  the 
cloaca  is  transverse. 

As  a  general  rule,  the  animals  included  under  this  order 
have  four  well-developed  legs  (fig.  169),  and  would  therefore 
be  popu'arly  called  "  Lizards."  In  some  {Chirotesf  there  ai'e 
no  hind-feet ;  in  some  (Bipcs)  the  fore-limbs  are  wanting ;  and 
others  {Angtiis,  Pscudopm,  and  Aniphisboena)  are  entirely  des- 
titute of  limbs,  thus  coming  closely  to  resemble  the  true  Snakes 
or  Ophidians  in  external  appearance.  These  serpentiform 
Lizards,  however,  can  be  distinguished  from  the  true  Snakes, 
amongst  other  characters,  by  the  structure  of  the  jaws.  In  the 
Snakes,  as  before  said,  tlie  two  rami  of  the  lower  jaw  are  loosely 
20 
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united  m  front  by  ligaments  and  muscles,  and  are  attached 
behind  to  a  movable  quadrite  bone,  which  is  in  turn  connected 
with  a  mu\  ible  squamosal,  tins  giving  an  enormous  width  of 
gape  to  ihtse  aniniah      Tn  thi,  I  izirds  ho«e\er,  even  in  those 


most  like  the  Snakes,  the  halves  of  the  lower  jaw  are  firmly 
united  to  one  another  in  front ;  and  tliough  the  quadrate  bone 
is  usually  more  or  less  movable,  the  jaws  can  in  no  case  be 
separated  to  anything  like  the  extent  that  characterises  the 
Opfiidia. 

Another  good  and  still  more  obvious  character  is  to  be  found 
in  the  structure  of  the  protective  coverings  of  the  eye.  In  the 
Snakes,  eyelids  are  wanting,  and  the  eye  is  simply  covered  by 
a  layer  of  epidermis,  constituting  the  so-called  "  antociilaj 
membrane."  In  almost  all  the  Lizards,  on  the  other  hand,  in- 
cluding all  the  completely  snake-hke  forms,  there  are  movable 
eyelids,  and  in  few  cases  is  there  any  structure  comparable  to 
the  antocular  membrane  of  the  true  Snakes.  Lastly,  the  typi- 
cal Lizards  ail  possess  a  sternum  or  breast-bone,  but  this  is 
wanting  in  some  of  the  snake-like  forms,  so  that  it  cannot  be 
appealed  to  as  a  character  by  which  the  Lacertilia  can  be 
separated  from  the  Ophidia. 

The  whole  order  of  the  Lacertilia  is  very  often  united  with 
the  next  group  of  the  Crocodilia,  under  the  name  of  Sauria. 
The  tenn  "  Saurian,"  however,  is  an  exceedingly  convenient 
one  to  designate  all  the  Reptiles  which  approach  the  typical 
Lizards  in  external  configuration,  whatever  Uieir  exact  nature 
may  be  ;  and  from  this  point  of  view  it  is  often  very  useful  as 
applied  to  many  fossil  forms,  the  structure  of  which  is  only 
imperfectly  known.  It  is  therefore  perhaps  best  to  employ 
this  term  merely  in  a  loose  general  sense. 

The  Lacertilia  are  often  divided  into  the  two  great  groups  of 
the  Fissilin^uia  and  Brevilingma,  according  as  the  tongue  is 
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bifid  and  protrusfcle  like  that  of  the  Ophidians,  or  is  thick  and 
fleshy,  and  only  protnisible  when  the  mouth  is  open.  These 
distinctions,  however,  are  not  of  any  very  great  value,  and  no 
good  general  arrangement  of  the  order  lias  hitherto' been  pro- 
posed. Here,  therefore,  it  will  be  sufficient  to  treat  very 
shortly  of  the  more  important  families  of  the  Lacertilians. 

The  first  family  of  any  importance  is  that  of  the  Chalddx  or 
Chalcidian  Lizards,  comprising  a  number  of  snake-hke  animals 
which  have  long  occupied  a  debatable  position.  In  their  ser- 
pentiform  cylindrical  form  these  animals  closely  resemble  the 
true  Ophidia,  and  this  likeness  is  still  further  increased  by  the 
absence  or  rudimentary  condition  of  the  limbs.  The  scapular 
arch  and  sternum,  however,  are  present  in  a  rudimentary  form, 
and  one  or  both  pairs  of  limbs  may  be  present.  Another 
character  separating  the  Ckaicida  from  the  true  Snakes  is  the 
structure  of  the  lower  jaw,  the  rami  of  which  are  united  in 
front  by  a  symphysis  so  as  greatly  to  restrict  the  gape.  The 
Chalcidian  Lizards  are  entirely  covered  with  similar  scales 
arranged  in  rings  or  whorls ;  the  trunk  passes  into  the  tail 
without  any  definite  line  of  demarcation,  and  there  is  generally 
a  lateral  longitudinal  fold  or  groove.  In  Chalddes  the  body 
is  long  and  snake-like,  but  all  the  limbs  are  present,  thougli 
these  are  small,  and  have  often  but  a  single  well-developed 
toe  each.  It  is  represented  in  both  the  East  Indies  and  South 
America.  In  Chirotes,  of  Mexico,  only  the  fore-limbs  are  pre- 
sent, and  in  the  African  genus  Sipes  only  the  hind-limbs  are 
present.  In  the  Amphisbtenm  of  South  America  the  tail  is 
very  short,  and  the  vent  is  placed  nearly  at  the  end  of  the 
body,  whilst  there  are  no  limbs.  In  the  Glass  Snake  {pphi- 
saurus)  of  the  United  States  there  are  also  no  limbs. 

The  next  great  femily  is  that  of  the  Scincida,  including  a 
number  of  small  Lacertilians,  some  of  which  are  completely 
snake-like,  whilst  others  possess  two  limbs,  and  others  again 
have  the  normal  two  pairs  of  limbs  in  a  well-developed  condi- 
tioij.  All  possess  movable  eyelids,  and  m  all  the  conforma- 
tion of  the  lower  jaw  is  Lacertihan,  and  not  Ophidian.  All 
the  Scmcoidean  Lizards  have  the  bodj  covered  by  similar 
scales  overlapping  one  another  like  the  scales  of  fishes,  whilst 
the  head  is  protected  by  larger  plitts  The  tongue  is  free, 
fleshy,  and  slightly  notched  Of  the  snake -like  forms  of 
this  group,  none  Is  more  familiarly  known  than  the  Blind- 
worm  or  Slow -worm  (Angiiis  fragilis,  fig.  170),  which  is 
found  over  almost  the  whole  of  Europe,  in  western  Asia, 
and  northern  Africa,  and  which  is  one  of  the  most  abun- 
dant of  the  British  Reptiles,     '("he  Rliiid-worm  possesses  no 
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external  appearance  of  limbs,  though  the  scapular  and  pelvic 
arches  are  present  in  a  rudimentary  condition.  Its  appearance 
is  completely  serpentiform,  and  it  is  vulgarly  regarded  as  a  dan- 
gerous and  venomous  animal,  but  quite  erroneously,  as  it  is 
even  unable  to  pierce  the  human  skin.  It  is  a  perfectly  harm- 
less animal,  living  upon  worms,  insects,  and  snails,  and  hyber- 


W  guts  frag  li!)—altti  B  II 


nating  lunni,  the  winter  It  derives  its  spec  fie  nime  oi  ftig 
i'Hs  from  the  lact  that  when  alarmed  it  st  ttens  its  muscles  to 
such  an  extent  that  the  tail  can  be  read  \y  broktn  off  as  if  it 
were  brittle 

Numero  is  othi.r  siTiall  Lizards  are  refer^ble  to  the  ^ina  It 
but  It  IS  only  necessary  to  mention  the  Sk  nks  themselves 
(Seincus),  in  which  bath  pairs  of  limb=  are  present  in  a  well 
developed  state  The  Skinks  are  found  in  almost  all  tlie 
warmer  parts  of  the  Old  World  and  closely  allied  torms  {sucli 
as  the  West  Indian  "Galliwasp")  are  found  in  the  New  World, 
nie  common  Skink  (fig.  171)  is  a  native  of  Arabia  and  Africa. 
It  attains  a  length  of  eight  or  nine  inches,  and  was  formerly 
used  in  various  diseases  as  a  remedy. 

The  next  family  is  that  of  the  Lacertida,  comprising  the 
typical  Lizards,  in  which  there  are  always  four  well-developed 
limbs,  each  terminated  by  five  free  toes  of  unequal  lengths. 
The  body  is  covered  with  scales,  which  assume  the  form  of 
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shields  or  "  scuta  "  over  the  abdomen  and  on  the  head.  The 
tail  is  rounded.  The  tongue  is  slender,  bifid,  and  protrusible. 
The  only  truly  British  Lizards  are  the  Sand-Uz-ard    (Lacerta 


md  the  Viviparous  Lizard  (Zooloca  vivipara);  and  the 
lest  form  upon  the  Continent  is  the  graceful  little  Green 
Lizard  {Lacerta  virulis),  which  also  occurs  in  Jersey.  The 
Lizards  of  the  Old  World  are  represented  in  America  by  the 
Amava,  some  of  which  attain  a  length  of  several  feet. 

Very  closely  allied  to  the  true  Lizards  are  the  Varaniiia  or 
Monitors,  which  indeed  are  chieSy  separated  hy  the  compara- 
tively trivial  fact  that  the  abdomen  and  head  are  covered  with 
ordinary  scales,  and  not  with  large  "  scuta."  The  tongue  is 
protrusible  and  fleshy,  like  that  of  the  Snakes.  The  teeth  are 
lodged  in  a  common  alveolar  groove,  which  has  no  internal 
border ;  and  there  are  no  palatal  teeth.  The  tail  has  a  double 
row  of  carinated  scales,  and  is  cylindrical  in  the  terrestrial 
forms,  and  compressed  in  those  whose  habits  are  aquatic.  The 
Monitors  are  exclusively  found  in  the  Old  World,,  and  are  the 
largest  of  all  the  recent  Lacertilia  ;  the  Varanns  Ntlottais  of 
Egypt  attaining  a  lengdi  of  six  feet,  and  the  Varanus  btvittattis 
of  Java  attaining  to  as  much  as  eight  feet.  The  Safe-guards 
(Salvaior)  are  the  Monitory  Lizards  of  the  New  World,  and  are 
also  of  lai^e  size. 

The  Geckotidrs  form  a  large  family  of  Lizards,  coniprising  a 
great  number  of  species,  occurring  in  almost  all  parts  of  the 
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world.  The  tongue  is  wide,  flat,  scarcely  notched  at  its  free 
extremity,  and  hardly  at  all  protrusible.  The  eyes  are  large, 
with  extremely  short  lids,  the  pupil  mostly  linear,  but  some- 
times circular.  The  teeth  are  numerous,  snaall,  compressed, 
and  implanted  on  the  inner  edge  of  the  jaw.  The  nails  are 
mostly  hooked  and  retractile,  and  the  toes  are  furnished  beiow 
with  imbricated  plates.  The  animal  is  capable  of  running  on 
the  smoothest  surfaces,  or  suspending  itself  back-downwards. 
They  feed  on  insects,  and  are  found  in  abundance  in  the  warmer 
parts  of  both  the  Old  and  New  Worlds. 

The  Iguanida  constitute  another  large  fami^"  of  Lizards, 
also  belonging  partly  to  the  Old  and  partly  to  the  New  World. 
The  tongue  is  thick  fleshy  notched  at  its  extremity  only,  and 
not  protrusible  Mostly  there  is  a  dorsal  crest  ind  a  goitre  or 
throat-pouch  The  body  is  cohered  with  imtncated  scales. 
Only  one  species  of  the  familj  is  European  but  the  group  is 
represented  by  numerous  species  in  N  and  &  \menca,  Asia, 
Africa,  and  Australn  The>  are  often  dnided  into  ground- 
iguanas,"  in  ^hich  the  bod)  is  fiat  and  depressed  and  "  tree- 
iguanas,"  Id  which  the  body  is  compressed  The  members  of 
the  genus  Iguana,  itself  (tig  i6g)  ire  confined  to  the  New 
World,  and  are  distinguished  by  having  the  throat  furnished 


with  a  pendulous  dewlap  or  fold  of  skin  the  edge  of  nhich  is 
toothed  Ihe  back  andtal  too  are  furnished  with  an. erect 
crest  of  pointed  scales  Ihe  Iguana  attains  a  length  of  from 
tour  to  five  feet  and  though  not  ot  a  verj  inviting  appearance, 
IS  1  i^hlj  esttemed  as  food  The  Basihsks  (Basiliscus)  have 
the  tcp  of  the  head  furn  shed  with  a  membranous  sac,  which 
can  be  distended  with  air  at  wil!  fhe  Agamidis  agree  with 
the  Iguinas  in  most  respects  but  have  two  rows  of  teeth  on 
the  hinder  marj,  n  of  the  palate  and  the  tail  is  covered  with 
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imbricated  scales.  Good  examples  are  the  Tapayaxin  {Agama 
orhiailaris)  of  South  America,  and  the  hideous  Moloch  korridus 
of  Australia.  Here  also  belongs  the  curious  little  Frill  Lizard 
{^Chlamydmaurus)  of  Australia,  which  has  the  neck  furnished 
on  each  side  with  a  membranous  plaited  frili,  which  can  be 
erected  at  will.  More  remarkable  than  the  true  Iguanas  is  the 
little  Flying  Dragon  (Draco  volans)  of  the  East  Indies  and 
Indian  Archipelago,  In  this  singular  little  Lizard  there  is  a 
broad  membranous  expansion  on  each  side,  formed  by  a  fold 
of  the  integument,  supported  upon  tlie  anterior  false  ribs,  which 
run  straight  out  from  the  spinal  column.  By  means  of  these 
lateral  expansions  of  the  skin,  the  Draco  volans  can  take  long 
flying  leaps  from  tree  to  tree,  and  can  pursue  the  insects  on 
which  it  feeds  ;  but  the  lateral  membranes  simply  act  as  para- 
chutes, and  there  is  no  power  of  true  flight,  properly  so  called. 

The  last  family  of  the  living  Lizards  which  requires  notice 
is  that  of  the  ChamcslcontiilcB,  containing  the  familiar  little 
ChamaUo  Africanus,  which  occurs  abundantly  in  the  north  of 
Africa  and  in  Egypt,  and  is  so  well  known  for  its  power  of 
changing  its  colour  under  irritation  or  excitement.  In  this 
genus  the  eye  (fig.  172)  is  of  large  size,  and  is  covered  by  a 
single  circular  lid,  formed  by  a  coalescence  of  the  two  lids, 
and  perforated  centrally  by  a  small  aperture,  by  which  the 
rays  of  light  reach  the  pupiL  The  Chameleon  is  naturally  a 
sluggish  animal,  but  it  catches  its  food,  consisting  of  insects, 
by  darting  out  its  long,  fleshy,  and  glutinous  tongue — an  opera- 
tion which  it  effects  with  the  most  extraordinary  rapidity. 

The  tail  in  the  Chameleons  is  round  and  prehensile,  the  body 
compressed,  and  the  skin  like  shagreen.  TTie  toes  are  adapted 
for  die  arboreal  life  and  scansorial  habits  of  the  animal,  being 
so  arranged  as  to  form  two  equal  and  opposable  sets.  The 
lungs  are  excessively  voluminous.  The  Chameleons  are  ex- 
ceedingly sluggish  and  slow  in  their  movements,  and  are  con- 
fined to  the  wanner  parts  of  the  Old  World. 

DiSTRiBUTioN  OF  Lacertilia  IN  TiME. — The  geological 
range  of  the  true  LaceriUia  is  not  by  any  m«ans  very  great, 
nor,  with  a  single  exception,  are  their  remains  of  much  import- 
ance. The  earliest  traces  of  Lizards  in  the  stratified  series  are 
found  in  the  fresh-water  strata  of  the  Purbeck  beds  at  the 
summit  of  the  Jurassic  series.  Several  small  Lizards  occur 
here,  and  have  been  described  under  the  names  of  Nathetes, 
Macellodoftf  Saurillus,  and  Echinodon.  The  most  remarkable 
fossil  Lizard,  however,  is  the  Mosasaurus  of  the  Chalk.  This 
gigantic  reptile  occurs  at  tlie  very  summit  of  the  Cretaceous 
series,  in  what  is  known  as  the  Maestricht  Chalk.     The  skull 
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is  no  less  than  five  feet  long;  and  as  the  tail  and  limbs  were 
formed  for  swimming,  there  can  be  little  doubt  but  that  Mosa- 
saurus — -like  the  living  AmblyrhyTichus — was  aquatic  in  its 
habits,  and  frequented  the  sea-shore.  Several  other  Reptiles, 
either  belonging  to  the  genus  Alosasaurus,  or  nearly  allied  to 
it,  have  been  described  from  the  Cretaceous  and  Tertiary 
rocks  of  North  America.  Recent  researches  on  these  Mosa- 
sauroid  Reptiles  by  Professor  Marsh  of  New  Haven  have 
shown  that  they  possessed  fin-like  paddles  like  those  of  the 
Ichthyosaur  and  Plesiosaur. 

Order  IV.  Crocodilia.^ — The  last  and  highest  order  of 
the  living  RepHlia  is  that  of  the  Crocodilia,  including  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  characterised  by  the 
following  peculiarities : — 

The  body  is  covered  with  an  outer  epidermic  exoskeleton 
composed  of  horny  scales,  and  an  inner  dermal  exoskeleton 
consisting  of  sqiuared  bony  plates  or  scutes,  which  may  be  con- 
fined to  the  dorsal  surface  alone,  or  may  exist  on  the  ventral 
surface  as  well,  and  which  are  disposed  on  the  back  of  the 
neck  into  groups  of  different  form  and  number  in  diflerent 
species.  The  bones  of  the  skull  and  face  are  firmly  united  to 
gether,  and  the  two  halves  or  rami  of  the  lower  jaw  are  united 
in  front  by  a  suture.  There  is  a  single  row  of  teeth,  which  are 
implanted  in  distinct  sockets,  and  hollowed  at  the  base  for  the 
germs  of  the  new  teeth,  by  which  they  are  successively  pushed 
out  and  replaced  during  the  life  of  the  animal.  The  centra  of 
the  dorsal  vertebrae  in  all  living  Crocodilia  are  procceious,  or 
concave  in  front,  but  in  the  extinct  forms  they  may  be  either 
amphiccelous  {concave  at  both  ends)  or  opisthoccelous  (con- 
cave behind).  The  vertebral  ends  of  the  anterior  trunk-ribs 
are  bifurcate.  There  are  two  sacral  vertebras.  The  cervical 
vertebrfe  have  small  ribs  (hence  the  difficulty  experienced  by 
the  animal  in  turning  quickly) ;  and  there  are  generally  false 
abdominal  ribs  produced  by  the  ossification  of  the  tendinous 
intersections  of  the  recti  muscles.  There  are  no  clavicles. 
The  heart  consists  of  four  completely  distinct  and  separate 
cavities,  two  auricles,  and  two  ventricles,  the  ventricular  sep- 
tum—-as  in  no  other  Reptiles — being  complete.  The  right  and 
left  aortre,  however — ^or,  in  other  words,  the  pulmonary  artery 
and  systemic  aorta — are  connected  together  close  to  their  origin 
by  a  small  aperture  {foramen  Paniazm),  so  that  the  two  sides 
of  the  heart  communicate  with  one  another.  The  aperture  of 
the  cloaca  is  longitudinal,  and  not  transverse,  as  in  the  Lizards. 
All  the  four  limbs  are  present,  the  anterior  ones  being  penta^- 
dactylous,  the  posterior  tetradactylous.     All  are  oviparous. 
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The  chief  points  by  which  the  Crocodiles  are  distinguished 
from  their  near  allies,  the  Lacertilians,  are  the  possession  of 
a  partial  bony  dennal  uxoskeleton  in  addition  to  the  ordinary 

eitiilcrmie   uovL-iing   (if  sr.ali.'S,  the   lodgment   of  tlic   teeth   in 


distinct  sockets,  and  the  fact  that  the  mixture  of  venous  and 
arterial  blood,  which  is  so  characteristic  of  Reptiles,  takes 
place,  not  in  the  heart  itself,  but  in  its  immediate  neighbour- 
hood, by  a  communication  between  the  pulmonary  artery  and 
aorta  directly  ailer  their  origin. 

The  only  other  points  about  the  Crocodiles  which  require 
special  notice  are  that  the  eyes  are  protected  by  movable  eye- 
lids ;  the  ear  is  covered  by  a  movable  ear-lid  ;  the  nasal  cavities 
open  in  front  by  a  single  nostril,  and  are  shut  off  from  the 
cavity  of  the  mouth,  but  open  far  back  into  the  cavity  of  the 
pharynx ;  and  lastly,  the  tongue  is  large  and  fleshy,  and  is  im- 
movably attached  to  the  bottom  of  the  mouth.  (Hence  the 
belief  of  the  ancients  that  the  Crocodile  had  no  tongue.)  The 
tail  is  long  and  compressed,  with  two  rows  ol  keeled  plates, 
which  unite  about  its  middle  to  form  a  single  crest,  which  is 
continued  to  its  extremity.  The  feet  are  palmate  or  semi- 
palmate,  and  only  the  three  inner  toes  on  each  foot  possess 
claws.  The  eyes  possess  three  distinct  lids,  and  there  are  two 
glands  under  the  throat  secreting  a  musky  substance. 

The  Crocedilia  abound  in  tbe  fresh  waters  of  hot  countries, 
and  are  the  largest  of  all  living  Reptiles,  not  uncommonly  at- 
taining a  length  of  twenty  feet  or  upwards.  They  are  divided 
by 'Owen  into  three  sub-orders,  according  to  the  shape  of  the 
dorsal  vertebrae,  temied  the  Frocalia,  Amp/ikcelia,  and  Opis- 
thocmlia. 

Sub-order  i.  ProcxUa. — In  this  sub-order  are  all  the  living 
members  of  the  CrocodiUa  distinguished  by  having  the  bodies 
of  the  dorsal  vertebne  concave  in  front  (proccelous).  Three 
distinct  types  may  be  distinguished  amongst  the  living  Croco- 
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diiia.  The  Gavial  is  distingQished  by  its  elongated  snout,  at 
the  extremity  of  which  the  nostril  is-  placed,  and  by  the  fact 
that  the  teeth  are  pretty  nearly  equal  in  size  and  similar  in 


form  in  the  tivo  jaivs.  In  the  true  Crocodiles  (fig.  174)  the 
fourth  tooth  in  the  lower  jaw  is  larger  than  the  others,  and 
forms  a  canine  tooth,  which  is  received  into  a  notch  excavated 
in  the  side  of  the  alveolar  border  of  the  upper  jaw,  so  that  it  is 
visible  externally  when  the  mouth  is  closed.  In  the  Caimans 
or  Alligators  the  same  tooth  in  the  lower  jaw  forms  a  canine, 
but  it  is  received  into  a  pit  in  the  palatal  surface  of  the  upper 
jaw,  where  it  is  entirely  concealed  when  the  mouth  is  shut. 
The  Crocodiles  Iiave  the  hind-legs  bordered  by  a  toothed 
fringe,  and  the  toes  completely  united  by  membrane.  They 
are  essentially  natives  of  fresh  waiter,  but  sometimes  frequent 
the  mouths  of  rivers.  They  occur  chiefly  in  Asia  and  Africa, 
but  species  are  found  in  some  of  the  West  Indian  Islands. 
The  Alligators  have  the  hind-legs  simply  rounded,  and  the  feet 
not  completely  webbed.  They  are  essentially  aquatic,  and  are 
voracious  animals,  living  upon  fish  or  Mammals.  The  best- 
known  species  are  the  Alligator  of  the  Southern  United  States 
(A.  Mmissippieitsis),  the  Caiman  {A.  palj/ebrosus)  of  Surinam 
and  Guiana,  and  the  "Jacare"  or  Spectacled  Alligator  {A. 
sclerops)  of  Brazil.  The  Gavial  {Gavialis  Gangcticiis)  is  a 
native  of  India,  and  is  the  smallest  of  the  living  Crocodiles, 
attaining  a  length  of  about  ten  feet. 

True  proccelian  Crocodiles  occur  for  the  first  time  in  the 
Greensand  (Cretaceous  series)  of  North  America,  In  Europe, 
however,  the  earliest  remains  of  proccelian  Crocodiles  are  ffora 
the  Lower  Tertiary  rocks  (Eocene).  It  is  a  curious  fact  that 
in  the  Eocene  rocks  of  the  south-west  of  England,  there  occur 
fossil  remains  of  all  the  three  living  types  of  the  CrocoiUlia-^ 
namely,  the  Gavials,  true  Crocodiles,  and  Alligators ;  though 
at  the  present  day  these  forms  are  all  geographically  restricted 
in  theii-  range,  and  are  never  associated  together. 
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Sub-orikr  z.  Amphiaelia. — The  Amphicceliaii  Crocodiles, 
with  biconcave  vertebr<e,  are  entirely  extinct.  They  have  but 
a  limited  geological  range,  extending  only  from  the  Lias  to 
tlie  Chalk  inclusive,  and  being  therefore  strictly  Mesozoic* 
The  biconcave  vertebrae  show  a  decided  approach  to  the 
structure  of  the  backbone  in  fishes  ;  and  as  the  rocks  in  which 
they  occur  are  marine,  there  can  be  little  doubt  but  that  these 
Crocodiles  were,  in  the  majority  of  cases  at  any  rate,  marine. 
The  most  important  genera  belonging  to  this  order  are  Tdeo- 
saurus,  Sleneomurus,  Dakosaunts,  Makrospondylus,  and  Sucho- 
savrus,  the  last  being  from  the  fresh-water  deposits  of  the 
Wealden  (Cretaceous). 

Sub-order  3.  Opislkocmlia. — This  sub-order,  like  the  last,  is 
entirely  extinct,  and  is  exclusively  Mesozoic,  all  the  known 
examples  occurring  in  the  Liassic,  Oolitic,  and  Cretaceous 
rocks.  The  most  important  genera  are  Streptospondylm  and 
Cetiosaurus.  The  Cetiosaurus  lon^us  of  the  Upper  Oolites 
(Portland  Stone)  must  have  been  the  largest  of  all  known  Cro- 
codilia,  the  verCebrse  of  the  tail  measuring  as  much  as  seven 
inches  in  length,  and  more  than  seven  inches  across. 


CHAPTER   LXV. 

EXTINCT    ORDERS    OF   REPTILES. 

It  remains  now  to  consider  briefly  the  leading  characters  of 
five  wholly  extinct  orders  of  Reptiles,  the  peculiarities  of  which 
are  very  extraordinary,  and  are  such  as  are  exhibited  by  no 
living  forms. 

Order  V.  Ichthvopterygia,  Owen  {- Ichthyosaurta,  Hux- 
ley).— The  gigantic  Saurians  forming  this  order  were  distin- 
guished by  the  following  characters  : — 

The  body  was  fish-like,  without  any  distinct  neck,  and  pro- 
bably covered  with  a  smooth  or  wrinkled  skin,  no  homy  or 
bony  exoskeleton  having  been  ever  discovered.  The  vertebrie 
were  numerous,  deeply  biconcave  or  amphiccelous,  and  having 
the  neural  arches  united  to  the  centra  by  a  distinct  suture. 
The  anterior  trunk-ribs  possess  bifurcate  heads.  There  is  no 
Kacnim,  and  no  sternal  ribs  or  sternum,  but  clavicles  were  pre- 

*  If  the  so-< 

and  Bslodon,  b 
date  from  tin; ; 
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sent  as  well  as  an  interclavicle  (epistemum) ;  and  false  ribs 
were  developed  in  tlie  walls  of  the  abdomen.  The  skull  had 
enonnous  orbits  separated  by  a  septum,  and  an  elongated 
snout.  The  eyeball  was  protected  by  a  ring  of  bony  plates  in 
the  sclerotic.  The  teeth  were  not  lodged  in  distinct  sockets, 
but  in  a  common  alveolar  groove.  The  fore  and  hind  limbs 
were  converted  into  swimming-paddles,  the  ordinary  number 
of  digits  (live)  remaining  recognisable,  but  the  phalanges  being 
greatly  increased  in  number,  and  maiginal  ossicles  being  added 
as  well.     A  vertical  caudal  fin  was  in  all  probability  present. 

The  order  Ichthyopterygia  includes  only  the  gigantic  and 
fish-like  Ichthyosauri  {fig,  175),  all  exclusively  Mesozoic,  and 
abounding  in  the  Lias,  Oolites,  and  Chalk,  but  especially  char- 
acteristic of  the  Lias.  If,  however,  the  Eosaurus  Acadiensis 
(Marsh)  of  the  Coal-measures  of  Nova  Scotia  be  rightly  re- 
ferred to  this  order  then  the  I-Iithyoptery'ia  date  from  the  Car- 
boniferous pe  d  Th  d  h  er  but  that  the 
Ichthyosauri  es  ti  m  and  they  Iiavc 
been  often  i  d  d  h  h  d  (.?  ropterygia)  in  a 
common  gro                                               L        sauria   or   Sea 

In  the  bic  ^      d        b  p  esence  of  a  ver- 

tical tail -fin,  the  hhthyosaui Ui  approaches  the  true  fishes. 
There  is,  however,  no  doubt  as  to  the  fact  that  the  animal  was 
strictly  an  air-breather,  and  its  reptilian  characters  cannot  be 
questioned,  at  the  same  time  that  the  conformation  of  the  limbs 
is  decidedly  Cetacean  in  many  respects.  Much  has  been 
gathered  from  various  sources  as  to  the  habits  of  the  Ichthyo- 
saurus, and  its  history  is  one  of  great  interest  From  the  re- 
searches of  Buckland,  Conybeare,  and  Owen,  the  following 
facts  appev  to  be  pretty  hcU  tsUblished  — lliat  the  Ichthyo- 
siurt  kept  ch  eflj  to  open  «aters  may  be  inferred  Irom  their 


stro  a  d  Jlde\eloped  siunmmgapraritus  That  they 
occasionally  had  recourse  to  the  shore  and  cra^kd  upon  the 
beach  may  be  safely  mferred  from  the  presence  of  a  strong 
and  w  ell-<le\  eloped  bonj  arch  supporting  the  fore  hmbs,  and 
closely  resembhng  m  structure  the  scapular  arch  of  the  Onii- 
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thorhynchus  or  Duck-mole  of  Australia.  That  they  lived  in 
stormy  seas,  or  were  in  the  habit  of  diving  to  considerable 
depths,  is  shown  by  the  presence  of  a  ring  of  bony  plates  in  the 
sclerotic,  protecting  the  eye  from  injury  or  pressure.  That 
they  possessed  extraordinary  powers  of  vision,  especially  in  the 
dusk,  is  certain  from  the  size  of  the  pupil,  and  from  the  enor- 
mous width  of  tlie  orbits.  That  they  were  carnivorous  and 
predatory  in  the  highest  degree  is  shown  by  the  wide  mouth, 
the  long  jaws,  and  the  numerous,  powerful,  and  pointed  teeth. 
This  is  proved,  also,  by  an  examination  of  their  petrified  drop- 
pings, which  are  known  to  geologists  as  "  coproli  tes,"  and 
which  contain  numerous  fragments  of  the  scales  and  bones  of 
the  Ganoid  fishes  which  inhabited  the  same  seas. 

Order  VI.  Sauropterygia,  Owen^  {  =  Plesiosauria,  Hux- 
ley).— This  order  of  extinct  reptiles,  of  which  the  well-known 
Plesiosaurus  may  be  taken  as  the  type,  is  diaracterised  by  the 
following  peculiarities : — 

The  body,  as  far  as  is  known,  was  naked,  and  not  furnished 
with  any  horny  or  bony  exoskcleton.  The  bodies  of  the  ver- 
tebra were  either  flat  or  only  slightly  cupped  at  each  end,  and 
the  neural  arches  were  anchylosed  with  the  centra,  and  did  not 
remain  distinct  during  life.  The  transverse  processes  of  the 
vertebrje  were  long,  and  the  anterior  trunk-ribs  had  simple,  not 
bifurcate,  heads.  No  sternum  or  sternal  ribs  are  known  to  have 
existed,  but  there  were  false  abdominal  ribs.  The  neck  in 
most  was  greatly  elongated,  and  composed  of  numerous  verte- 
bra. The  sacrum  was  composed  of  two  vertebrse.  The  orbits 
were  of  large  size,  and  there  was  a  long  snout,  as  in  the  Ichthyo- 
sauri, but  there  was  no  circle  of  bony  plates  in  the  sclerotic. 
The  limbs  agree  with  those  of  die  Jchihyosauri  in  being  in  the 
form  of  swimming-paddles  (fig.  176),  but  differ  in  not  possessing 
any  supernumerary  mai^inal  ossicles.  A  pectoral  arch,  formed 
of  two  clavicles  and  an  interclavicle  (episternum)  appears  to 
have  been  sometimes,  if  not  always,  i)resent.  The  teeth  were 
simple,  and  were  inserted  into  distinct  sockets,  and  not  lodged 
in  a  common  groove. 

The  most  famQiar  and  typical  member  of  the  Satiropferygia 
is  the  Plesiosaurus  (fig.  176),  a  gigantic  marine  replile,  chiefly 
characteristic  of  the  Lias  and  Oolites.  As  regards  the  habits 
of  the  Plesiosaurus,  Dr  Conybeare  arrives  at  the  following  con- 
clusions : — "  That  it  was  aquatic  is  evident  from  the  form  of 
its  paddles ;  that  it  was  marine  is  almost  equally  so  from  the 
remains  with  which  it  is  universaily  associated ;  that  it  may 
have  occasionally  visited  the  shore,  the  resemblance  of  its  ex- 
tremities to  those  of  the  Turtles  may  lead  us  to  conjecture ;  its 
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movemeiita,  howeve  mu     h        b    n  y      k  ard  n     n 

and  its  long  neck  ra  ha        n     d  d  {,  f,h   he 

water,  presenting  a  f,iia.  h           n  wh 

so  admirably  fits  th  o  h     £,     h  s. 


As  its  respiratory  organs  were  such  that  it  must  of  necessity 
have  required  to  obtain  air  frequently,  we  may  conclude  "  tliat 
it  swam  upon  or  near  the  surf.ice,  arching  back  its  long  neck 
like  a  swan,  and  occasionally  darting  it  down  at  the  fish  which 
happened  to  float  within  its  reach.  It  may,  perhaps,  have 
lurked  in  shoal  water  along  the  coast,  concealed  amongst  the 
sea-weed ;  and  raising  its  nostrils  to  a  level  with  the  surface 
from  a  considerable  depth,  may  have  found  a  secure  retreat 
from  the  assaults  of  powerful  enemies ;  while  the  length  and 
flexibility  of  its  neck  may  liave  compensated  for  the  want  of 
strength  in 'its  jaws,  and  its  incapacity  for  swift  motion  through 
the  water." 

The  geological  range  of  the  Plesiosatirus  is  from  the  Lias  to 
the  Chalk  inclusive,  and  specimens  have  been  found  indicating 
a  length  of  from  eighteen  to  twenty  feeL 

Of  the  other  genera  of  the  Sauropterygia,  Sintosattrus  and 
Nothosaurus  are  from  the  Trias,  and  are  chiefly  characteristic 
of  its  middle  division,  the  Muschelkaik.  Placodits  is  another 
genus,  also  from  the  Muschelkaik,  and  is  characterised  by  the 
extraordinary  form  of  the  teeth,  which  resembled  those  of 
many  fishes  in  forming  broad  crushing  plates,  constituting  a 
kind  of  pavement. 

Order  VII.  Anomodontia,  Owen  (=  Dieynodontia,  Hux- 
ley).—The  leading  characters  of  this  order  are  to  be  found  in 
the  structure  of  the  jaws,  which  appear  to  have  been  sheathed 
in  horn,  so  as  to  constitute  a  kind  of  beak,  very  like  that  of 
the  Chelonians,  In  the  %^n^\^  Rhynchosaurus  and  Oudettodoii, 
both  jaws  seem  to  have  been  altogether  destitute  of  teeth  ;  but 
in  Dicynodon  there  were  two  long  tusks,  growing  from  persistent 
pulps,  placed  one  on  each  side  in  the  upper  jaw.  The  pectoral 
and  pelvic  arches  were  very  strong,  and  the  limbs  were  well 
developed  and  fitted  for  walking,  and  not  for  swimming. 

Dkymden  and   Oudenodon  are  knoM-n  only  from  strata  of 
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supposed  Triassic  age  in  South  Africa  and  India,  but  Rhyiicha- 
sauTus  occurs  io  the  Trias  of  Europe. 

Order  VIII.  Pterosauria. — This  order  includes  a  group 
of  extraordinary  flying  Reptiles,  all  belonging  to  the  Mesozoic 
epoch,  and  exhibiting  in  many  respects  a  very  extraordinary 
combination  of  characters.  The  most  familiar  members  of  the 
order  are  the  so-called  "  Pterodactyles,"  and  the  following  are 
the  characters  of  the  order  ; — 

No  exoskeleton  is  known  to  have  existed.  The  dorsal  ver- 
tebra are  proccelous,  and  the  anterior  trunk-ribs  are  double- 
headed.  There  is  a  broad  stemum  with  a  median  ridge  or 
keel,  and  ossified  sternal  ribs.     'J'Uc  jaws  were  always  armed 


with  teeth,  and  these  were  implanted  in  distinct  sockets.  In 
some  forms  {Ramphorhynchus)  there  appear  to  have  been  no 
teeth  in  the  anterior  portion  of  the  jaws,  and  these  parts  seem 
to  have  been  sheathed  in  horn,  so  as  to  constitute  a  kind  of 
beak.  A  ring  of  bony  plates  occurs  in  the  sclerotic  coat  of 
the  eye.  The  pectoral  arch  consists  of  a  scapula  and  distinct 
coracoid  bone,  articulating  with  the  sternum  as  in  Birds,  but 
no  clavicles  have  hitherto  been  discovered.  The  fore-limb 
(fig.  177)  consists  of  a  humerus,  ulna  and  radius,  carpus,  and 
hand  of  four  fingers,  of  which  the  inner  three  are  short  and  un- 
guiculate,  whilst  the .  outermost  is  clawless  and  is  enormously 
elongated.  Between  this  immensely-lengthened  finger,  the 
side  of  the  body,  and  the  comparatively  small  hind-limb,  there 
must  have  been  supported  an  expanded  fiying-membrane  or 
"  patagium,"  which  the  animal  must  have  been  able  to  employ 
as  a  wing,  much  as  the  Bats  of  the  present  day.  Lastly,  most 
of  the  bones  were  "  pneumatic  "^ — that  is  to  say,  were  hollow 
and  filled  ^vith  air. 
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By  the  presence  of  teeth  in  distinct  sockets,  and,  as  will 
be  seen  hereafter,  especially  in  the  structure  of  the  limbs,  the 
Pterodactyles  differed  from  all  known  Birds,  and  there  can  be 
little  question  as  to  their  being  genuine  Reptiles.  The  only 
Rqjtile,  however,  now  existing,  which  possesses  any  power  of 
sustaining  itself  in  the  air,  is  the  little  Draco  volans,  but  this 
can  only  take  extended  leaps  from  tree  to  free,  and  cannot 
be  said  to  have  any  power  of  flight  properly  so  called.  That 
the  Pterodactyles,  on  the  other  hand,  possessed  the  power  of 
genuine  flight,  is  shown  by  the  presence  of  a  median  keel  upon 
the  sternum,  proving  the  existence  of  unusually -developed 
pectoral  muscles ;  by  the  articulation  of  the  coracoid  bones 
with  the  top  of  the  sternum,  providing  a  fixed  point  ot  fulcrum 
for  tlie  action  of  the  pectoral  muscles;  and,  lastly,  by  the 
existence  of  air-cavities  in  the  bones,  giving  the  animal  the 
necessary  degree  of  lightness.  The  apparatus,  however,  of 
flight  was  not  a  "  wing,"  as  in  Birds,  but  a  flying-membrane, 
very  similar  in  its  mode  of  action  to  the  patagium  of  the  Mam- 
malian order  of  the  Bats.  The  patagium  of  the  Eats,  however, 
differs  from  that  of  the  Pterodactyles  in  being  supported  by 
the  greatly-elongated  fingers,  whereas  in  the  latter  it  is  only 
the  outermost  finger  which  is  thus  lengthened  out.  The  difii- 
culty  as  to  the  position  of  the  Pferosaaria  Is  evaded  by  Mr 
Seeiey  by  placing  them  in  a  distinct  class,  which  he  terras 
Ornithosauria,  and  which  he  regards  as  most  nearly  related  to, 
but  coequal  with,  the  class  Aves. 

The  Pterosauria  are  exclusively  Mesozoic,  being  found  from 
the  Lower  Lias  to  the  Middle  Chalk  inclusive,  the  Lithographic 
Slate  of  Solenhofen  (Upper  Oolite)  being  particularly  rich  in 
their  remains.  Most  of  them  appear  to  have  attained  no  very 
great  size,  but  the  remains  of  a  species  from  the  Cretaceous 
rocks  have  been  considered  to  indicate  an  animal  with  more 
than  twenty  feet  expanse  of  wing,  counting  from  tip  to  tip. 

In  the  genus  Pteroilactyhis  proper,  the  jaws  are  provided 
with  teeth  to  their  extremities,  all  the  teeth  being  long  and 
slender. 

In  Diniorphodon,  the  anterior  teeth  are  large  and  pointed, 
the  posterior  teeth  small  and  lancet-shaped. 

In  Rampkorhynchus,  the  anterior  portion  of  both  jaws  is 
edentulous,  and  may  have  formed  a  homy  beak,  but  teeth 
are  present  in  the  hinder  portion  of  the  jaws. 

Order  IX.— Dinosaur i a. — The  last  order  of  extinct  Reptiles 
is  that  of  the  Dinosauria,  comprising  a  group  of  verj'  remarkable 
Reptiles,  which  show  many  points  of  decided  affinity  to  the 
Birds  on  the  one  hand,  and  to  the  so-called  Pachydermatous 
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Mammals  on  the  other.  Most  of  the  Dinosaitria  were  of 
gigantic  size,  and  the  order  is  defined  by  the  following 
characters : — 

The  skin  was  sometimes  naked,  sometimes  furnished  with  a 
well-developed  exoskeletoii,  consisting  of  bony  shields,  much 
resembling  those  of  the  Crocodiles.  A  few  of  the  anterior  ver- 
tebrse  wereopisthoccetous,  the  remainder  having  flat  or  slightly 
biconcave  bodies.  The  anterior  trunk-ribs  were  double-headed. 
The  teeth  were  confined  to  the  jaws  and  implanted  in  distinct 
sockets.  There  were  always  two  pairs  of  limbs,  and  these  were 
strong,  furnished  with  claws,  and  adapted  for  terrestrial  pro- 
gression. In  some  cases  the  fore-limbs  were  very  small  in 
proportion  to  the  size  of  the  hind-limbs.  No  clavicles  have 
been  discovered. 

The  most  familiar  examples  of  the  Dinosauria  are  Megalo- 
SMtrus  and  Tguafwdon. 

M^alosaurus  is  a  gigantic  Oohtic  Reptile,  which  occurs  also 
in  the  Cretaceous  series  (Weald  Clay).  Its  length  has  been 
estimated  at  between  forty  and  fifty  feet,  the  femur  and  tibia 
each  measuring  about  th  ee  feet  'n  length.  As  the  head  of 
the  femur  is  set  on  nearly  at  r  ght  angles  with  the  shaft,  whilst 
all  the  long  bones  conti  lar^e  1  edullary  cavities,  there  can 
be  no  doubt  but  that  M^aio  i  rus  was  terrestrial  in  its  habits. 
That  is  was  carnivorous  and  destruct  ve  iji  the  highest  degree  is 
shown  by  the  powerful  po  nted  and  trenchant  teeth. 

The  Iguanodon  is  1  a  ly  t  not  exclusively.  Cretaceous, 
being  especially  characteristic  of  the  great  delt^eposit  of  the 
Wealden.  The  length  of  the  Iguanodon  has  been  estimated  as 
being  probably  from  fifty  to  sixty  feet,  and  from  the  close  re- 
semblance of  its  teeth  to  those  of  the  living  Iguanas,  there  is 
little  doubt  that  it  was  herbivorous  and  not  carnivorous.  The 
femur  of  a  large  Iguanodon  measures  from  four  to  five  feet  in 
length,  with  a  circumference  of  twenty-two  inches  in  its  smallest 
part.  From  the  disproportionately  small  size  of  the  fore-limbs, 
and  from  the  occurrence  of  pairs  of  gigantic  three-toed  foot- 
steps in  the  same  beds,  it  has  been  concluded,  with  much  pro- 
bability, that  Iguanodon,  in  spite  of  its  enormous  bulk,  must 
have  walked  temporarily  or  permanently  upon  its  hind-legs, 
thus  coming  to  present  a  most  marked  and  striking  affinity  to 
the  Birds. 

The  most  remarkable,  however,  of  the  Dinosauria,  is  the 
little  Compsognatftiis  longipes  from  the  Lithographic  Slate  of 
Solenhofen,  referred  to  this  order  by  Professor  Huxley.  This 
Reptile  is  not  remarkable  for  its  size,  which  does  not  seem  to 
have  been  much  more  than  two  feet,  but  for  the  remarkable 
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affinities  which  it  exhibits  to  the  trae  Birds.  The  head  of 
Cotnpsogttathus  was  furnished  with  toothed  jaws,  and  supported 
upon  a  long  and  slender  neck.  The  fore-limbs  were  very 
short,  but  the  hind-limbs  were  long  and  like  those  of  Birds. 
Theproxima/  portion  of  the  tarsus  resembled  that  of  Birds  in 
being  anchylosed  to  the  lower  end  of  the  tibia;  but  the  liisfal 
portion  of  the  tarsus^unlike  that  of  Birds — was  free,  and  was 
not  anchylosed  with  the  metatarsus.  Huxley  concludes  that 
"  it  is  impossible  to  look  at  the  conformation  of  this  strange 
Reptile,  and  to  doubt  that  it  hopped  or  walked  in  an  erect  or 
semi-erect  position,  after  the  manner  of  a  bird,  to  which  its 
long  neck,  slight  head,  and  small  anterior  limbs  must  have 
given  it  an  extraordinary  resemblance." 
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CHAPTER   LXVI. 

CLASS    IV.— A  VES. 

The  fourth  class  of  the  Veriebrata  is  that  of  Aves,  or  Birds. 
The  Birds  may  be  shortly  defined  as  being  "  oviparous  Verte- 
brates with  warm  blood,  a  double  circulation,  and  a  covering 
of  feathers"  (Owen).  More  minutely,  however,  the  Birds  are 
defined  by  the  possession  of  the  following  characters  : — 

The  embryo  possesses  an  amnion  and  allantois,  and  branchi« 
or  gills  are  never  developed  at  any  time  of  life  upon  the  visceral 
arches.  The  skull  articulates  with  the  vertebral  column  by  a 
single  occipital  condyle.  Each  half  or  ramus  of  the  lower  jaw 
consists  of  a  number  of  pieces,  which  are  separate  from  one 
another  in  the  embryo;  and  the  jaw  is  uiiited  with  the  skull, 
not  directly,  but  by  the  intervention  of  a  quadiate  bone  {as  in 
the  Reptiles).  The  fore-limb  in  no  existing  birds  possesses 
more  than  three  fingers  or  digits,  and  the  metacarpal  bones 
are  anchylosed  together.  In  all  living  birds  the  fore-limbs  are 
useless  as  regards  prehension,  and  in  most  they  are  organs  of 
flight.  The  hind-limbs  in  all  birds  have  the  ankle-joint  placed 
in  the  middle  of  the  tarsus,  the  proximal  portion  of  the  tarsus 
coalescing  with  the  tibia,  and  the  distal  portion  of  the  tarsus 
being  anchylosed  with  the  metatarsus  to  constitute  a  single  bone 
known  as  die  "  tarso-metatarsus." 

The  heart  consists  of  four  chambers,  two  auricles,  and  two 
ventricles;  and  not  only  are  the  right  and  left  sides  of  the 
heart  completely  separated  from  one  another,  but  there  is  no 
communication  between  the  pulmonary  and  systemiccirculations, 
as  there  is  in  Reptiles.  There  is  only  one  aortic  arch,  the  right. 
The  blood  is  hot,  having  an  average  temperature  of  as  much  as 
103°  to  104°.    The  blood-corpuscles  are  oval  and  nucleated. 

The  respiratory  oigans  are  in  the  form  of  spongy  cellular 
lungs,  which  are  not  freely  suspended  in  pleural  sacs ;  and 
the  bronchi  open  on  their  surface  into  a  number  of  air-sacs, 
placed  in  different  parts  of  the  body. 
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All  birds  are  ovipartms,  none  bringing  forth  their  young 
alive,  or  being  even  ovo-viviparous.  All  birds  are,  lastly,  pro- 
viided  with  an  epidermic  covering,  so  modified  as  to  constitute 
what  are  known  s.%  feathers. 

Professor  Huxley's  account  of  the  method  in  which  feathers 
are  produced  is  so  remarkably  clear,  that  no  apology  is  neces- 
sary for  quoting  it  in  its  entirety.  Feathers  "are  evolved 
within  sacs  from  the  surface  oi  conical  papillae  of  the  dermis. 
The  external  surface  of  the  dermal  papilla,  whence  a  feather  is 
to  be  developed,  is  provided  upon  its  dorsal  surface  with  a 
median  groove,  which  becomes  shallower  towards  the  apex 
of  the  papilla.  From  this  median  groove  lateral  furrows  pro- 
ceed at  an  open  angle,  and  passing  round  upon  the  under 
surface  of  the  papilla,  become  shallower,  until,  in  the  middle 
line,  ojiposite  the  dorsal  median  groove,  they  become  obso- 
lete. Minor  grooves  run  at  right  angles  to  the  lateral  furrows. 
Hence  the  surface  of  the  papilla  has  the  character  of  a  kind  of 
mould,  and  if  it  were  repeatedly  dipped  in  such  a  substance  as 
a  solution  of  gelatine,  and  withdrawn  to  cool  until  its  whole 
surface  was  covered  with  an  even  coat  of  that  substance,  it  is 
clear  that  the  gelatinous  coat  would  be  thickest  at  the  basal 
or  anterior  end  of  the  median  groove,  at  the  median  ends  of 
the  lateral  furrows,  and  at  those  ends  of  the  minor  grooves 
which  open  into  them ;  whilst  it  would  be  very  thin  at  the 
apices  of  the  median  and  lateral  grooves,  and  between  the 
ends  of  the  minor  grooves.  If,  therefore,  the  hollow  cone  of 
gelatine,  removed  from  its  mould,  were  stretched  from  within, 
or  if  its  thinnest  parts  became  weak  by  drying,  it  would  tend 
to  give  wa,y,  along  the  inferior  median  line,  opposite  the  rod- 
like cast  of-  the  median  groove,  and  between  the  ends  of  the 
casts  of  the  lateral  furrows,  as  well  as  between  each  of  the 
minor  grooves,  and  the  hollow  cone  would  expand  into  a  flat 
feather-like  structure,  with  a  median  shaft,  as  a  'vane'  formed 
of 'barbs'  and  'barbules.'  In  point  of  fact,  in  the  develop- 
ment of  a  feather,  such  a  cast  of  the  dermal  papilla  is  formed, 
though  not  in  gelatine,  but  in  the  horny  epidermic  layer  de- 
veloped upon  the  mould,  and,  as  this  is  thrust  outwards,  it 
opens  out  in  the  manner  just  described.  After  a  certain 
period  of  growth  the  papilla  of  the  feather  ceases  to  be 
grooved,  and  a  continuous  horny  cylinder  is  formed,  which 
constitutes  the  '  quill.''/' 

A  typical  feather  (fig.  17S)  consists  of  the  following  parts  : 
— I.  The  "quill"  or  "barrel"  (a),  which  forms  the  basal 
portion  of  the  feather,  by  which  it  is  inserted  in  the  skin  on  its 
own  dermal  papilla.     It  is  the  latest-formed  portion  of  the  fea- 
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ther,  and  consists  of  a  hollow  horny  cylinder.  2.  The  "  shaft" 
{b),  which  is  simply  a  continuation  of  the  quill,  and  which  forms 
the  central  axis  of  the  feather. 
The  inferior  surface  of  the  shaft 
always  exhibits  a  strong  longitu- 
dinal groove,  and  it  is  composed 
of  a  homy  external  sheath,  con- 
taining a  white  spongy  substance, 
very  like  the  pith  of  a  plant  3. 
The  shaft  carries  the  lateral  ex- 
pansions or  "webs"  of  the  fea- 
ther, collectively  constituting  the 
"vane."  Each  web  is  composed 
of  a  number  of  small  branches, 
which  form-an  open  angle  with 
the  shaft,  and  which  are  known 
as  the  "barbs"  (c).  The  margins 
of  each  barb  are,  in  turn,  furnish- 
ed with  a  series  of  still  smaller 
branches,  which  are  known  as  the 
"barbules."  As  a  general  rule, 
the  extremities  of  the  barbules  arc 
hooked,  so  that  those  springing 
from  the  one  side  of  each  barb 
intetfock,  with  those  springing 
from  the  opposite  side  of  the 
next  barb.  In  this  way  the  barbs 
are  kept  in  apposition  witli  one 
another  over  a  greater  or  less 
portion  of  the  entire  web.  More 
or  less  of  the  barbs  in  the  lower 
portion  of  the  feather  are,  how- 
ever, disunited,  and  not  connected 
by  their  barbules ;  and  these  con- 
stitute what  is  known  as  the 
"  down^"  In  the  Ostriches, 
Emeus,  and  some  others,  all  the 
barbs  of  the  feathers  are  discon- 
nected, giving  to  the  plumage  of  fig.j^._Q„ii,.fe,.t,er{.9/,>,=^«> 
these  birds  its  peculiarly  soft  «  duiii  or  barrel  i  i  shaft ;  c  c 
character.  At  the  point  where  ^;«1;e™oC4"i.*'w^<:" 
the  shaft  joins  the  quill  there  is 

very  generally  found  a  small  feather,  known  as  the  "  accessory 

plume,"  or  "  plumule."      This  is  usually  much  tlie  same  in 

'   structure  as  the  main  feather,  but  considerably  smaller.     It 
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may,  however,  be  as  large  as  the  original  feather,  or  it  may  be 
reduced  to  nothing  more  than  a  tuft  of  down. 

The  feathers  vary  in  different  parts  of  the  bird,  and  are 
generally  divided  into  those  which  cover  the  body — "  clothing 
feathers,"  and  those  which  occur  in  the  wings  and  tail — "  quill- 
feathers."  As  regards  the  great  quill-feathers  of  the  wings,  the 
longest  are  those  which  arise  from  the  bones  of  the  hand,  and 
they  are  called  the  "  primaries."  Those  which  arise  from  the 
distal  end  of  the  fore-arm  (radius  and  ulna)  are  termed  the 
"  secondaries,"  and  those  which  are  attached  to  the  proximal 
end  of  the  forearm  are  the  "  tertiaries."  The  feathers  which 
lie  over  the  humerus  and  scapula  are  the  "  scapulars."  The 
rudimentary  "thumb"  also  carries  some  quills,  which  form 
what  is  known  as  the  "alula,"  or  "bastard-wing."  The  smaller 
feathers,  which  cover  the  bases  of  the  quill-feathers  above  and 
below,  are  the  "  wingxoverts"  —  "greater,"  "lesser,"  and 
"under."  The  great  quill -feathers  of  the  tail  ("  rectrices ") 
form  a  kind  of  (an,  of  great  use  in  steering  the  bird  in  flight ; 
and  their  bases  are  covered  by  a  series  of  feathers  which  con- 
stitute the  "  tail-coverts." 

The  entire  skeleton  of  the  Birds  is  singulariy  compact,  and  at 
the  same  time  singularly  Sight.  The  compactness  is  due  to  the 
presence  of  an  unusual  amount  of  phosphate  of  lime;  and  the 
lightness,  to  the  absence  in  many  of  the  bones  of  the  ordinary 
marrow,  and  its  replacement  by  air. 

As  regards  the  vertebral  column,  birds  exhibit  some  very  in- 
teresting peculiarities.  The  cervical  region  of  the  spine  is 
unusually  long  and  flexible,  since  the  fore-limbs  are  useless  as 
oigans  of  prehension— and  all  acts  of  prehension  must  be  exer- 
cised either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting 
in  conjunction.  In  all  birds  alike,  the  neck  is  sufficiently  long 
and  flexible  to  allow  of  the  application  of  the  beak  to  an  oil- 
gland  placed  at  the  base  of  the  tail,  this  act  being  necessary 
for  the  due  perfonnance  of  the  operation  of  "  preening" — that 
is,  of  lubricating  and  cleaning  the  plumage.  The  number  of 
vertebrte  in  the  neck  varies  from  nine  to  twenty-four,  and  their 
structure  is  alway  such  as  to  allow  of  considerable  freedom  of 
motion  one  upon  the  other.  The  dorsal  vertebne  vary  from 
six  to  ten  in  number,  and  of  these  the  anterior  four  or  five  are 
generally  anchylosed  with  one  another,  so  as  to  give  a  base  of 
resistance  to  the  wings.  In  the  Cursorial  Birds,  however  (such 
as  the  Ostrich  and  Emeu),  and  in  some  others  (such  as  the 
Penguin),  in  wliich  the  power  of  flight  is  wanting,  the  dorsal 
vertebrse  are  all  more  or  less  freely  movable  one  upon  another. 
There  are  no  lumbar  vertebra;,  but  all  the  vertebrse  between 
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the  last  dorsal  and  the  first  caudal  (varying  from  nine  to 
twenty)  are  aiichylosed  together  to  fonii  a  bone  which  is  ordi- 
narily known  as  the  "  sacrum."  To  this,  in  turn,  the  iliac  bones 
are  anchylosed  along  their  whole  length,  giving  perfect  immo- 
bility to  this  region  of  the  spine  and  to  the  pelvis. 

The  coccygeal  or  caudal  vertebrEe  vary  in  number  from 
eight  to  ten,  and  are  movable  upon  one  another.  The  most 
noticeable  feature  about  this  part  of  the  spinal  column  is  what 
is  known  as  the  "  ploughshare-bone."  This  is  the  last  joint  of 
the  tail,  and  is  a  long,  slender,  ploughshare-shaped  bone,  de- 
stitute of  lateral  processes,  and  without  any  medullary  canal 
(fig.  182,  E),  In  reality  it  consists  of  two  or  more  of  the 
caudal  vertebrse,  completely  anchylosed,  and  fused  into  a 
single  mass-  It  is  usually  set  on  to  the  extremity  of  the  spine 
at  an  angle  more  or  less  nearly  perpendicular  to  the  axis  of 
the  body ;  and  it  affords  a  firm  basis  ior  the  support  of  the 
great  quill-feathers  of  the  tail  ("rectrices").  It  also  supports 
the  coccygeal  oil-glands,  and  can  be  raised  at  pleasure,  so  as 
to  meet  the  bill,  when  the  operation  of  preening  is  in  pro- 
gress. In  the  Cursorial  Birds,  which  do  not  fly,  tKe  terminal 
joint  of  the  tail  is  not  ploughshare-shaped.  In  the  extraordi- 
nary Mesozoic  bird,  the  Arckaoperyx  macrura,  there  is  no 
ploughshare-bone,  and  the  tail  consists  of  twenty  separate 
vertebrae,  all  distinct  from  one  another,  and  each  carrying 
a  pair  of  qui!  1 -feathers,  one  on  each  side  (fig.  zo\).  As  the 
vertebrte  of  the  ploughshare-bone  are  distinct  from  one  another 
in  the  embryos  of  existing  birds,  the  tail  of  the  Archaopteryx  is 
to  be  regarded  as  a  case  of  the  permanent  retention  in  the 
adult  of  an  embryonic  character.  In  the  increased  number  of 
caudal  vertebras,  however,  and  in.  some  other  characters,  the 
tail  of  the  Archaaptsryx  makes  a  decided  ajiproach  to  the  true 
Reptiles. 

The  various  bones  which  compose  the  skull  of  Birds  are 
amalgamated  in  the  adult  so  as  to  form  a  single  piece,  and  the 
sutures  even  are  obliterated,  the  lower  jaw  alone  remaining 
movable.  The  occipital  bone  carries  a  single  occipital  condyle 
only,  and  this  is  hemisjiherica!  or  nearly  globular  in  shape.  The 
"beak"  (fig.  r  79),  which  forms  such  a  conspicuous  feature  in  all 
birds,  consists  of  an  upper  and  lower  half,  or  a  "  superior"  and 
"  inferior  mandible."  The  upper  mandible  is  composed  almost 
entirely  of  the  greatly  elongated  intermaxillary  bones,  flanked 
by  the  comparatively  small  superior  maxilhe.  The  inferior 
mandible  is  primitively  composed  of  twelve  pieces,  six  on  each 
side  J  but  in  the  adult  these  are  all  indistinguishably  amal- 
gamated with  one  another,  and  the  lower  jaw  forms  a  single 
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piece.  As  in  tlie  Reptiles,  the  lower  jaw  articulates  with  the 
skull,  not  directly,  but  through  the  intervention  of  a  distinct 
bone — the  quadrate  bone  or  tympanic  bone — ^which  always  re- 


mains permanently  movable,  and  is  never  ..anchylosed  ivith  the 
skull.  In  no  bird  are  teeth  ever  developed  in  either  jaw,  but 
both  mandibles  are  encased  in  horn,  forming  the  beak,  and 
the  margins  of  the  bill  are  sometimes  serrated.  Tlie  quadrate 
bone  (os  carr^  of  the  French)  is  in  contact  at  one  end  with  an 
elongated  bone  (jugal  bone),  the  other  end  of  which  comes 
Etgainst  the  palate.  By  the  depression  of  the  lower  jaw,  assisted 
by  proper  muscles,  the  quadrate  bone  is  brought  forward,  and 
the  jugal  bone  is  tiius  made  to  elevate  the  palate  and  upper 
jaw.  With  one  or  two  exceptions,  the  upper  mandible  is  thus 
movable  in  all  birds. 

The  thoracic  cavity  is  bounded  by  the  dorsa!  vertebrie, 
which  are  usually,  as  before  said,  anchylosed  to  one  another  to 
a  greater  or  less  extent.  Laterally,  the  thorax  is  bounded  by 
the  ribs,  which  vary  in  number  from  six  to  ten  pairs.  In  most 
birds  each  rib  carries  a  peculiar  process — ^the  "  uncinate  pro- 
cess"— which  arises  from  its  posterior  margin,  is, directed  up- 
wards and  backwards,  and  passes  over  the  rib  next  in  succes- 
sion behind,  where  it  is  bound  down  by  ligament.  The  first 
and  last  dorsal  ribs  carry  no  uncinate  processes,  and  in  some 
cases  the  processes  continue  throughout  life  as  separate  pieces 
(fig.  i8o,  B).  Anteriorly,  the  ribs  articulate  with  a  series  of 
straight  bones,  which  are  called  the  "  sternal  ribs,"  but  which 
in  reality  are  to  be  looked  upon  as  the  ossified  "  costal  carti- 
lages." These  sternal  ribs  (fig.  i8o,  B)  are  in  turn  movably 
articulated  to  the  sternum  in  front,  and  "  they  are  the  centres 
upon  which  the  respiratory  movements  hinge"  (Owen).  In 
front  the  thoracic  cavity  is  completed  by  an  enonnous!y-ex- 
panded  sternum  or  breast-bone,  which  in  some  birds  of  great 
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powers  of  flight  extends  over  the  abdominal  cavity  as  well,  in 
some  cases  even  reaching  the  pelvis.  The  sternum  of  all 
birds  which  fly,  is  chai-acterised  by  the  presence  o(  a  greatly- 
developed  median  ridge  or  keel  (fig.  i8o,  A),  to  which  are  at- 
tached the  great;  pectoral  muscles  which  move  the  wings.  As  a 
general  rule,  the  size  of  this  sternal  crest  allows  a  very  tolerable 
estimate  to  be  formed  of  the  flying  powers  of  the  bird  to  which 
it  may  have  belonged ;  and  in  the  Ostriches  and  other  birds 
which  do  not  fly,,  there  is  no  sternal  keel.  At  its  anterior 
angles  the  sternum  exhibits  two  pits  for  the  attachment  of  tlie 
coracoid  bones. 

The  scapular  or  pectoral  arch  consists  of  the  shoulder-blade 
or  scapula,  the  collar-bone  or  clavicle,  and  the  cora.coid  bone, 
on  each  side.     The  scapula,  as  a  rule  (fig.  i8o.  A,  s  s),  is  a 


(urculum  or 
K[U  of  the  Golden  EaglE : 


simple  elongated  bone,  not  flattened  out  into  a  broad  plate, 
and  carrying  no  transverse  ridge,  or  spinous  process.  Only  a 
portion  of  the  glenoid  cavity  for  the  articulation  with  the  head 
of  the  humerus  is  formed  by  the  scapula,  the  remainder  being 
formed  by  the  coracoid.  The  coracoid  bones  (fig.  1 80,  A,  k  k) 
correspond  with  the  coracoid  processes  of  mar  ;  but  in  birds 
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they  are  distinct  bones,  and  are  not  anchylosed  with  the  scap- 
ula. The  coracoid  bone  on  each  side  is  ahvayS  the  strongest 
of  the  bones  forming  the  scapular  arch.  Superiorly  it  articu- 
lates with  the  clavicle  and  scapula,  and  forais  part  of  the  gle- 
noid cavity  for  the  humerus.  Inferiorly  each  coracoid  bone 
articulates  with  the  upper  angle  of  the  sternum.  The  position 
of  the  coracoids  is  more  or  less  nearly  vertical,  so  that  they 
form  fixed  points  for  the  action  of  the  wings  in  their  down- 
ward stroke.  The  clavicles  (fig  i8o.  A,  ^)  are  rarely  rudimen- 
tary or  absent,  and  are  in  some  few  cases  separate  bones.  In 
the  great  majority,  however,  of  birds,  the  clavicles  are  anchy- 
losed together  at  their  anterior  extremities,  so  as  to  form  a 
single  bone,  somewhat  V-shaped,  popularly  known  as  the 
"  merry-thought,"  and  technically  called  the  "furculum  "  ^"four- 
chette"  of  the  French).  The  outer  extremities  of  the  furculum 
articulate  with  the  scapula  and  coracoid ;  and  the  anchylosed 
angle  is  commonly  united  by  ligament  to  the  top  of  the  ster- 
num. The  function  of  the  clavicular  or  ftircular  arch  is  "  to 
oppose  the  forces  which  tend  to 'press  the  humeri  inwards 
towards  the  mesial  plane,  during  the  downward  stroke  of  the 
wing"  (Owen).  Consequently  the  clavicles  are  stronger,  and 
their  angle  of  union  is  more  open,  in  proportion  to  the  powers 
of  flight  possessed  by  each  bird.  The  furculum  is  rudimentary 
in  the  Ostrich,  Emeu,  and  Cassowary. 

We  liave  next  to  consider  the  structure  of  the  bones  which 
compose  the  fore-limb  or  "wing"  of  the  bird;  and  as  this 
organ  is  the  one  which  chiefly  conditions  the  peculiar  life  of 
the  bird,  it  is  in  it  that  we  find  some  of  the  most  characteristic 
points  of  structure  in  the  whole  skeleton.  Though  consider- 
ably-modified to  suit  its  function  as  an  organ  of  aerial  progres- 
sion, the  wing  of  the  bird  is  readily  seen  to  be  homologous 
with  the  arm  of  a  man  or  the  fore-limb  of  a  Mammal  (fig.  1 80, 
A,  and  fig.  181).  The  upper  arm  (brachium)  is  supported  by 
a  single  bone,  the  humerus,  which  is  short  and  strong,  and 
articulates  above  with  the  articular  cavity  formed  partly  by 
the  scapula  and  partly  by  the  coracoid  (fig.  181,  /;).  The 
humerus  is  succeeded  distally  by  the  forearm  (anlibrachium) 
constituted  by  the  normal  two  bones,  the  radius  and  ulna 
(fig.  181,  r,  V),  of  which  the  radius  is  much  the  smaller  and 
more  slender,  and  the  ulna  much  the  laiger  and  stronger. 
The  ulna  and  radius  are  followed  inferiorly  by  the  bones  of 
the  wrist  or  carpus ;  but  these  are  reduced  in  number  to  two 
small  bones,  "so  wedged  in  between  the  anlibrachium  and 
metacarpus  as  to  limit  the  motions  of  the  hand  to  those  of 
abduction  and  adducti.>n  necessary  for  the  folding  up  and  ex- 
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pansion  of  the  wing;  the  band  is  thus  tixed  in  a  state  of  pro- 
nation; all  power  of  flexion,  extension,  or  of  rotation,  is 
removed  from  the  \vrist-joint,  so  that  the  wing  strikes  firmly, 
and  with  the  full  force  of  the  contraction  of  the  depressor 
muscles,  upon  the  resisting  air"  (Owen).     One  other  bone 


fit  i8i.-Fors-i;mt 


of  the  normal  carpus  (namely,  the  "os  magnum")  js  present, 
but  this  is  anchylosed  with  one  of  the  metacarpals.  There 
are  thus  really  three  carpal  bones,  though  only  two  appear 
to  be  present.  The  carpus  is  followed  by  the  metacarpus, 
the  condition  of  which  agrees  wkh  that  of  the  carpal  bones. 
The  two  outermost  of  the  normal  five  metacarpals  are  absent, 
and  the  remaining  three  are  anchylosed — together  with  the 
OS  magnum — so  as  to  form  a  single  bone  (fig.  iSi,  m).  This 
bone,  however,  appears  externally  as  if  formed  of  tii'O  meta- 
carpals united  to  one  another  at  their  extremities,  but  free 
in  their  median  portion.  The  metacarpal  bone  which  cor- 
responds to  the  radius  is  always  the  larger  of  the  two  (as 
being  really  composed  of  two  metacarpals),  and  it  carries 
the  digit  which  has  the  gieatest  number  of  phalanges.  This 
digit  corresponds  with  the  "index"  finger,  and  it  is  com- 
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posed  of  two,  or  sometimes  three,  phalanges  {fig.  181,/).  At 
the  proximal  end  of  this  metacarpal,  at  its  outer  side,  there  is 
generally  attached  a  single  phalanx,  constituting  the  so-called 
"thumb"  (fig.  181,/),  which  carries  the  " bastard- wing."  The 
digit  which  is  attached  to  the  ulnar  metacarpal  corresponds  to 
the  "  ring  finger,"  and  never  consists  of  more  than  a  single 
phalanx  (fig.  f8i). 

As  regards  the  structure  of  the  posterior  extremity  or  hind- 
limb,  the  pieces  which  compose  the  innominate  bones  (namely, 
the  ilium,  ischium,  and  pubes)  are  always  anchylosed  to  one 
another ;  and  the  two  innominate  bones  are  also  always  an- 
chylosed, by  the  medium  of  the  greatly-elongated  ilia,  to  the 
sacral  region  of  the  spine.  In  no  living  bird,  however,  with 
the  single  exception  of  the  Ostrich,  are  the  innominate  iDones 
united  in  the  middle  line  in  front  by  a  symphysis  pubis.  The 
stability  of  the  pelvic  arch,  necessary  in  animals  which  sup- 
po      he  V.  of  the  body  on  the  hind-limbs  alone,  is  amply 

secu  d  n  al  o  d  nary  cases  by  the  anchylosis  of  the  ilia  with 
the  sa  rum 

A  he  1  ^1  er  Vertebrates,  the  lower  limb  (fig.  182,  A) 

con  of  a      n  r,  a  tibia  and  fibula,  a  tarsus,  metatarsus, 

and  phalang  b  t  some  of  these  parts  are  considerably  ob- 
scuTLd  by  anchylosis.  The  femur  or  thigh-bone  (fig.  182,  A,/) 
is  generally  very  short,  comparatively  speaking.  The  chief 
bone  of  the  leg  is  the  tibia  (/),  to  which  a  thin  and  tapering 
fibula  (r)  is  anchylosed.  The  upper  end  of  the  fibula,  how- 
ever, articulates  with  the  external  condyle  of  the  femur.  The 
ankle-joint  is  placed,  as  in  Reptiles,  between  the  proximal  and 
distal  portions  of  the  tarsus.  The  proximal  portion  of  the 
tarsus  is  undistinguishably  amalgamated  with  the  lower  end  of 
the  tibia.  ...-The  distal  portion  of  the  tarsus  is  anchylosed  with 
the  whole  of  the  metatarsus  to  constitute  the  most  characteristic 
bone  in  the  leg  of  the  Bird — the  "tarso-metatarsus"  (»/).  Tn 
most  of  the  long-legged  birds,  such  as  the  waders,  the  dispro- 
portionate length  of  the  leg  iff  given  by  an  extraordinary  elon- 
gation of  the  tarso-metatarsus. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
the  foot.  In  most  birds  the  foot  consists  of  three  toes  directed 
forwards  and  one  backwards — four  toes  in  all.  In  no  wild 
bird  are  there  more  than  four  toes,  but  often  there  are  only 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two.  In 
all  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
the  posterior  thumb  or  hallux  (that  is  to  say,  the  innermost 
digit  of  the  hind-limb)  which  is  directed  back%vards ;  and  it 
invariably  consists  of  two  phalanges  only.     The  most  internal 
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of  the  three  toes  which  are  directed  forwards,  consists  of  thru 
phalanges  ;  the  nest  hus/our  phalanges ;  and  the  oiitennost  or 
"little"  toe  is  made  up  ai  five  phalanges  (fig.  182,  A).     This 


in  Eagle:  J  Plough! 


increase  'n  an  arithmetical  ratio  of  the  phalanges  of  the  toes 
m  proceeding  from  the  inner  to  the  outer  side  of  the  foot  ob 
tains  m  ilmost  ill  birds  and  et  iLles  us  readily  to  detect 
wl  ich  digit  IS  s  ppressed  when  the  normil  four  are  not  all 
present  Vir  itions  of  different  kinds  cMSt  however  m  the 
number  ind  disposition  of  the  toes  In  man\  birds — such  as  the 
Parrots — the  outermost  toe  is  turned  backwards  so  thit  there 
ire  two  toes  m  front  and  two  behind.  In  Jthers  again  the 
<uter  toe  is  normally  directed  forwards  but  can  be  turned 
backwards  at  the  will  of  the  inimal  In  the  Smfts  on  the 
other  hand  all  four  toes  are  ]  rtsent  but  the\  ^re  ill  turned 
forwards      In  miny  cases — espetnlh  imo     st  the  Nititornl 
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birds^the  hallux  is  wholly  wanting,  or  is  rudimenfary.  In  the 
Emeu,  Cassowary,  Bustards,  and  other  genera,  tht;  hallux  is 
invariably  absent,  and  the  foot  is  three-toed.  In  the  Ostrich 
both  the  hallux  and  the  next  toe  ("  index  ")  are  wanting,  and 
die  foot  consists  simply  of  two  toes,  these  being  the  outer  toe 
ind  (he  one  next  to  it.  The  toes  are  mechanically  flexed 
during  the  sleep  of  the  Bird,  in  virtue  of  an  arrangement  by 
which,  whilst  all  the  flexor  tendons  pass  behind  the  heel,  one 
of  diem  runs  in  front  of  the  knee.  As  the  muscles,  therefore, 
are  relaxed  durmg  sleep,  and  the  weight  of  the  body  tends  to 
flex  the  knee,  the  tendon  of  this  flexor  is  thereby  put  on  the 
stretch,  and  the  toes  are  again  bent  involuntarily. 

The  dl^stive  system  of  birds  comprises  the  beak,  tongue, 
gullet,  stomach,  intestines,  and  cloaca.  Teeth  are  invariably 
wanting  in  birds,  and  the  jaws  are  encased  irL  hom,  constitut- 
ing the  bill.  The  form  of  the  bill  varies  enormously  in  differ- 
ent birds,  and  it  is  employed  for  liolding  and  tearing  the  prey, 
for  prehensile  purposes,  for  climbing,  and  in  some  birds  as  an 
organ  of  touch.  In  these  last-mentioned  cases  the  bill  is 
more  or  less  soft,  and  is  supplied  with  filaments  of  the  fifth 
nerve.  In  many  birds,  too,  in  which  the  bill  is  not  soft,  the 
base  of  the  upper  mandible  is  surrounded  by  a  circle  of  naked 
skin,  constituting  what  is  called  the  "  cere,"  and  this,  no  doubt, 
serves  also  as  a  tactile  organ. 

The  tongue  of  birds  can  hardly  be  looked  upon  as  an  organ 
of  taste,  since  it  is  generally  cased  in  born  like  the  mandibles. 
It  is,  in  fact,  principally  employed  as  an  organ  of  prehension ; 
but  in  some  cases — as  in  the  Parrots — it  is  soft  and  fleshy,  and 
then,  doubtless,  is  to  some  extent  connected  with  the  sense  of 
taste.  It  is  essentially  composed  of  a  prolongation  of  the 
hyoid  bone  (the  glosso-hyal),  which  is  sheathed  in  horn,  and  is 
variously  serrated  or  fringed. 

Salivary  glands  are  invariably  present,  but  they  are  rarely 
of  large  size,  and  they  have  often  a  very  simple  structure. 

In  accordance  with  the  structure  of  the  neck,  the  gullet  in 
birds  is  usually  of  great  length,  and  it  is  generally  very  dilatable. 
In  the  carnivorous,  or  Raptorial,  and  in  the  granivorous  birds, 
the  gullet  (fig.  183, 0),  is  dilated  into  a  pouch,  which  is  situated 
at  the  lower  part  of  the  neck,  just  in  front  of  the  merry- thought. 
This  is  what  is  known  as  the  "crop"  or  "ingluvies"  {c\  and 
it  may  be  either  a  mere  dilatation  of  the  tube  of  the  gullet,  or 
it  may  be  a  single  or  double  pouch.  The  food  is  detained  in 
the  crop  for  a  longer  or  shorter  time,  according  to  its  nature, 
before  it  is  subjected  to  the  action  of  the  proper  digestive 
oigaiis.     The  oesophagus,  after  leaving  the  crop,  shortly  opens 
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into  a.  second  cavity,  which  is  known  as  the  "proventriculus" 
or  "ventriculus  succenturiatus  "  (/).  This  is  the  true  digestive 
cavity,  and  its  mucous  membrane  is  richly  supplied  with  gastric 


follicles  which  secr.te  the  gastric  juice.  The  proventriculus, 
however,  corresponds,  not  with  the  whole  stomach  of  t!ie 
Mammals,  but  only  with  its  cardiac  portion ;  and  it  opens  into 
a  second,  muscular  cavity,  which  corresponds  to  the  pyloric 
division  of  the  Mammalian  stomach.  The  gizzard  (g)  is  situ- 
ated below  the  liver,  and  forms  in  all  birds  an  elongated  sac, 
having  two  apertures  above,  of  which  one  conducts  into  the 
duodenum  or  commencement  of  the  small  intestine,  whilst  the 
other  communicates  with  the  proventriculus.  The  two  chief 
forms  of  gizzard  are  exhibited  respectively  by  the  Raptorial 
birds,  which  feed  on  easily  -  digested  animal  food,  and  the 
Rasores  and  some  of  the  Natatores,  which  feed  on  hardly- 
digested  grains.  In  the  birds  of  Rapine  the  gizzard  scarcely 
deserves  the  name,  being,  as  a  rule,  nothing  more  than  a  wide 
membranous  cavity  with  thin  walls.  In  the  granivorous  birds, 
whose  hard  food  reqiiires  crushing,  the  gizzard  is  enormously 
developed ;  its  lining  coat  is  formed  of  a  thick,  homy  epithe- 
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lium,  and  its  walls  are  extremely  tliick  and  muscular.  Tliis 
constitutes  a  grinding  apparatus,  like  the  stones  of  a  mill ; 
whilst  the  "  crop"  or  cesophageal  dilatation  may  be  compared 
to  the  "  hopper "  of  a  mill,  since  it  supplies  to  the  gizzard 
"  small  successive  quantities  of  food  as  it  is  wanted  "  (Owen). 
Supplementing  the  action  of  the  muscular  walls  of  the  gizzard, 
and  acting  in  the  place  of  teeth,  are  the  small  stones  or  peb- 
bles, whidi,  as  is  so  well  known,  so  many  of  the  granivorous 
birds  are  in  the  habit  of  swallowing  with  their  food,  or  at  other 
times.  In  fact  there  can  be  no  doubt  but  that  the  gravel  and 
pebbles  swallowed  by  these  birds  arc  absolutely  essential  to  ex- 
istence, since  the  gizzard,  without  this  assistance,  is  unable 
properly  to  triturate  the  food. 

The  intestinal  canal  extends  from  the  gizzard  to  the  cloaca, 
and  is,  comparatively  speaking,  short.  The  secretions  of  the 
liver  and  pancreas  are  poured  into  the  small  intestine,  as  in 
Mammals.  The  commencement  of  the  large  intestine  is  al- 
most always  furnished  with  two  long  "  cKca  "  or  blind  tubes, 
the  length  of  which  varies  a  good  deal  in  different  birds  (fig. 
183,^).  They  are  sometimes  wanting ;  and  their  exact  func- 
tion is  uncertain ;  though  they  are  most  probably  connected 
partly  with  digestion  and  partly  with  excretion.  The  large 
intestine  is  always  very  short — seldom  more  tlian  a  tenth  part 
of  the  length  of  the  body — and  it  terminates  in  the  "  cloaca  " 
(fig.  183,  f/).  This  is  a  cavity  which  in  all  birds  receives 
the  termination  of  the  rectum,  the  ducts  of  the  generative 
organs  and  the  ureters ;  and  serves,  therefore,  for  the  ex[)ul- 
sion  of  the  fseces,  the  generative  products,  and  the  urinary 
secretion. 

Respiration  is  effected  in  Birds  more  completely  and  actively 
than  in  any  other  class  of  the  Vertebrala,  and  as  the  result  of 
this,  their  average  temperature  is  also  higher.  This  extensive 
development  of  the  respiratory  process  is  conditioned  by  the 
fact  that,  in  addition  to  true  lungs,  air  is  admitted  into  a  greater 
or  less  number  of  the  bones,  and  into  a  number  of  cavities — 
the  so-called  air-receptacles^ which  are  distributed  through 
various  parts  of  the  body.  By  this  extensive  penetration  of 
air  into  various  parts  of  the  body,  the  aeration  of  the  blood  is 
effected  not  only  in  tlie  lungs,  biit  also  over  a  greater  or  less 
extent  of  the  systemic  circulation  as  well ;  and  hence  in  Birds 
tliis  process  attains  its  highest  perfection.  The  cavities  of  the 
tJiorax  and  abdomen  are  not  separated  from  one  another  by  a 
complete  partition,  the  diaphragm  being  only  present  in  a 
rudimentary  form.  The  lungs  are  two  in  number,  of  a  bright- 
red  colour,  and  spongy  texture.      They  are  confined  to  the 


Hosled  by  Google 


CHARACTEK3   OF   AVES.  467 

back  of  the  thorax,  extending  along  each  side  of  the  spine, 
from  the  second  dorsal  vertebra  to  the  kidney.  'J'hey  differ 
from  the  lungs  of  the  Mammals  in  not  being  freely  suspended 
in  a  pleural  membrane.  The  pleura,  on  the  other  hand,  is 
reflected  only  over  the  anterior 
surface  of  the  lungs.  The  bronchi, 
or  primary  divisions  of  the  wind- 
pipe (fig.  184),  diminish  in  size  as 
they  pass  through  the  lung,  by 
giving  off  branches,  which,  in 
turn,  give  off  the  true  air-vesicles 
of  the  lung.  When  the  bronchial 
tubes  reach  the  surface  of  the 
lung,  they  open,  by  a  series  of 
distinct  apertures,  into  a  series  of 
"  air-sacs."  These  are  a  series  of 
membranous  sacs  formed  by  the 
continuation  of  the  lining  mem- 
brane of  the  bronchi,  and  sup- 
ported by  reflections  of  the  serous 
membrane  of  the  thoracico-abdo- 
mina!  cavity.  In  those  aquatic 
birds  which,  like  the  Penguin,  do 
not  enjoy  the  power  of  flight,  the 
air-cells  are  restricted  to  the  ab- 
domen ;  but  in  most  birds  they 
are  continued  along  the  sides  of 
the  neck  and  limbs.  In  some  ^ 
cases — as  the  Pelican  and  Gannet 
— air-receptacles  are  situated  be- 
neath almost  the  whole  of  the 
tegument.  The  air-cells  not  only 
greatly  reduce  the  specific  gravity 
of  birds,  and  thus  fit  them  for 
an  aerial  life,  but  also  assist  1 1  the  mechir  cal  work  f  rt 
spiration,  and  must  also  greatly  i.ro  ote  tht.  luratioi  of  the 
blood. 

In  connection  with  the  air  rece;  tides  and  as  in  extension 
of  them,  is  a  series  of  cavities  occupymg  the  intenor  of  a 
greater  or  less  number  of  the  bones,  and  also  contammg  air 
In  young  birds  these  air-ca(  ities  do  not  exist  and  the  bones 
are  filled  with  marrow  as  in  the  Mimmals  The  extent  also 
to  which  the  bones  are  "  pneumat  c  \  anes  greatly  n  d  fferent 
birds.  In  the  Penguin — which  does  not  fly — all  the  1  o  cs 
contain  marrow,  and  there  are  no  air-cavities.     In  the  large 
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Running  birds  {Cursores),  such  as  the  Ostrich,  the  bones  of 
the  leg,  pelvis,  spine,  ribs,  skull,  and  sternum  are  pneumatic ; 
but  the  bones  of  the  wings,  with  the  exception  of  the  scapular 
arch,  are  without  air-cavities,  and  permanently  retain  their 
marrow.  All  birds  which  fly,  with  the  singular  exception  of 
the  Woodcock,  have  air  admitted  to  the  humerus.  In  the 
Pelican  and  Gannet,  all  the  bones  of  the  skeleton,  except  the 
phalanges  of  the  toes,  are  penetrated  by  air;  and  in  the  Horn- 
bill  even  these  are  pneumatic  The  functions  discharged  by 
the  air-cavities  of  the  bones  appear  to  be  much  the  same  as 
those  of  the  air-receptacles — namely,  that  of  diminishing  the 
specific  gravity  of  the  body  and  subserving  the  aeration  of  the 
blood. 

The  Jieart  in  all  Birds  consists  of  four  chambers,  two  auricles 
and  two  ventricles.  The  right  auricle  and  ventricle,  constitut- 
ing the  right  side  of  the  heart,  are  wholly  concerned  with  the 
pulmonary  circulation ;  the  left  auricle  and  ventricle,  forming 
the  left  side  of  the  heart,  are  altogether  occupied  with  the 
systemic  circulation;  and  no  communication  nonnally  exists 
in  adult  life  between  the  two  sides  of  the  heart.  In  alt  essen- 
tial details,  both  as  regards  the  structure  of  the  heart  iiself 
and  the  course  taken  by  the  circulating  fluid.  Birds  agree  with 
Mammals.  The  venous  blood — namely,  that  which  has  circu- 
lated through  tlie  body— is  returned  by  the  vente  cavse  to  die 
right  auricle,  whence  it  is  poured  into  the  right  ventricle.  The 
right  ventricle  propels  it  through  the  pulmonary  artery  to  the 
lungs,  where  it  is  aerated,and  becomes  arterial.  It  is  then 
sent  back  by  tlie  pulmonary  veins  to  the  left  auricle,  whence  it 
is  driven  into  the  left  ventricle.  Finally,  the  left  ventricle  pro- 
pels the  aerated  blood  to  all  parts  of  the  body  through  the 
great  systemic  aorta. 

The  chief  difference  between  Bird  R  p         ts 
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Other  class  of  the  Verte&rata.  This  result  is  also  to  a  consider- 
able extent  conditioned  by  the  non-conducting  nature  of  the 
combined  down  and  feathers  which  form  the  integumentary 
covering  of  Birds, 

The  urinary  organs  of  Birds  consist  of  two  elongated  kid- 
neys and  two  ureters,  bat  there  is  no  urinary  bladder.  The 
ureters  open  into  the  cloaca,  or  into  a  small  urogenital  sac 
which  communicates  with  the  cloaca. 

As  regards  the  reproductive  organs,  the  males  have  two  testes 
placed  above  the  upper  extremities  of  the  kidneys,  and  their 
efferent  ducts  {vasa  deferentid)  open  into  the  cloaca  alongside 
of  the  ureters.  A  male  organ  (penis)  may  or  may  not  be  pre- 
sent, but  there  is  no  perfect  urethra.  The  female  bird,  as  a 
general  rule,  is  provided  with  only  one  ovary  and  oviduct — 
that  of  the  left  side — the  corresponding  organs  of  the  right  side 
being  rudunentary  or  absent.  The  oviduct  is  very  long  and 
tortuous,  and  the  egg,  during  its  passage  tlirougli  it,  receives 
the  albuminous  covering  which  serves  for  the  nutrition  of  the 
embryo,  and  which  is  known  as  the  "  white  "  of  the  egg.  The 
lower  portion  of  the  oviduct  is  dilated,  and  the  egg  receives 
liere  the  calcareous  covering  which  constitutes  the  "shell." 
Finally,  the  oviduct  debouches  into  the  cloaca,  into  which  the 
e^,  when  ready,  is  expelled.  The  furtlier  development  of  the 
chick  is  secured  by  the  process  of  "incubation"  or  brooding, 
for  which  birds  are  peculiarly  adapted,  in  consequence  of  the 
high  temperature  of  their  bodies. 

Tlie  development  of  the  ovum  belongs  to  physiology,  and 
does  not  concern  us  here.  It  is  sufficient  to  notice  the  means 
by  which  in  many  cases  the  chick  is  ultimately  enabled  to  escape 
from  the  egg.  When  development  has  reached  a  stage  at  which 
external  life  is  possible,  it  is  of  course  necessary  for  the  chick 
to  be  liberated  from  the  egg,  the  shell  of  which  is  often  ex- 
tremely hard  and  resistant.  To  this  end,  in  very  many  in- 
stances, the  young  bird  is  provided  with  a  little  calcareous 
knob  on  the  point  of  the  upper  mandible,  and  by  means  of  this 
it  chips  out  an  aperture  through  the  shell.  Having  effected  its 
purpose,  this  temporary  appendage  then  disappears,  without 
leaving  a  trace  behind. 

The  state  of  the  young  upon  exclusion  from  the  egg  is  very 
different  in  different  cases,  and  in  accordance  with  this,  Birds 
have  been  divided  into  the  two  sections  of  the  Autophagi  or 
Aves  pr<ecoeM,  and  the  Meierophagt  or  Aves  altrices.  In  the 
Aulopkagi  the  young  bird  is  able  to  run  about  and  help  itself 
from  the  moment  of  liberation  from  the  egg.  In  the  Hetero- 
phagi  the  young  are  bom  in  a  blind  and  naked  state,  unable  to 
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feed  tliemselvts,  or  e\en  to  maintain  unassisted  tlie  net^essary 
vital  heat  In  these  birds,  therefore,  the  young  require  to  be 
brooded  over  and  fed  bv  the  parents  for  a  longer  or  shorter 
period  after  exclusion  from  the  egg. 

As  regards  their  mn-ous  svstem,  the  brain  of  Birds  is  rela- 
tively larger,  especially  as  regards  the  size  of  the  cerebrum 
proper,  than  the  briin  of  Reptiles,  but  its  chief  mass  con- 
sists of  the  corpora  striata  The  cerebeilum,  though  always 
present,  consists  simply  of  the  central  lobe  (the  "  vermiform 
process'),  ind  is  not  provided  with  the  lateral  lobes  which 
occur  in  the  Mimnials,  or  they  are  only  present  in  a  rudimen- 
tary form  The  corpus  callosiira  is  absent,  and  the  surface  of 
the  cerebral  hemispheres  is  devoid  of  convolutions. 

As  regards  the  organs  of  the  senses,  the  eyes  are  always  well 
developed,  and  in  no  bird  are  they  ever  rudimentary  or  absent. 
The  chief  peculiarity  of  the  eye  is  that  the  cornea  forms  a 
segment  of  a  much  smaller  sphere  than  does  the  eyeball  pro- 
per, so  diat  the  anterior  [lart  of  the  eye  is  obtusely  conical, 
whilst  the  posterior  portion  is  spheroidaL  Another  peculiarity 
is  that  the  form  of  the  eye  is  maintained  by  a  ring  of  from 
thirteen  to  twenty  bony  plates,  which  are  placed  in  the  anterior 
portion  of  the  sclerotic  coat.  Eyelashes  are  almost  universally 
absent ;  but  in  addition  to  the  ordinary  upper  and  lower  eye- 
lids. Birds  possess  a  third  membranous  eyelid — the  "  membtana 
nictitans" — which  is  sometimes  pearly-white,  sometimes  more  or 
less  transparent*  This  third  eyelid  is  placed  on  the  inner  side 
of  the  eye,  and  possesses  a  special  muscuhr  ipparatus,  by 
which  it  can  be  drawn  over  the  anterior  s  rface  of  the  eye  like 
a  curtain,  moderating  the  intensity  of  the  1  j.!  t  As  to  the 
organ  of  hearing,  most  birds  possess  no  extern  r!  ear  or  concha, 
by  which  sounds  'can  be  collected  and  trai  si  tted  to  the  in- 
ternal ear.  In  some  birds,  however,  as  in  tl  e  T  str  ch  and 
Bustard,  the  external  meatus  auditor  us  s  su  rounded  by  a 
circle  of  feathers,  which  can  be  raised  and  depressed  at  will. 
The  Nocturnal  Birds,  also,  especially  Owls,  have  the  external 
meatus  auditorius  protected  by  a  musculo-membranous  valve, 
which  foreshadows  the  cartilaginous  concha  of  the  majority  of 
Mammals.  The  external  nostrils  in  Birds  are  usually  placed 
on  the  sides  of  the  upper  mandible,  near  its  base,  in  the  form 

*  The  membrana  nictitans  is  simply  a  fold  of  the  eonjimetiva  on  the  inner 
side  of  the  eye.  It  occurs  in  some  Fishes  (e.g..  Sharks),  in  some  Reptiles 
and  Amphibians,  in  Birds,  in  Monotremes  and  Marsupials,  and  in  Some  of 
the  higher  Mammals.  In  Man,  however,  in  Monkeys,  and  in  most  of  the 
higher  Mammals,  it  is  rudimentary,  and  constitutes  the  so-called  "plica 
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of  simple  perforations,  which  somerimes  communicate  from 
side  to  side  by  the  deficiency  of  the  septum  narium.  In  the 
singular  Apteryx  of  New  Zealand,  the  nostrils  are  placed  at  the 
extreme  end  or  tip  of  the  elongated  upper  mandible.  Some- 
times the  nostrils  are  defended  by  bristles,  and  sometimes  by  a 
scale  {Rasores).  Taste  must  be  absent,  or  almost  absent,  in 
the  great  majority  of  birds,  the  tongue  being  nothing  more  tlian 
a  homy  sheath  surrounding  a  process  of  the  hyoid  bone,  and 
serving  for  deglutition  or  to  seize  the  prey.  In  the  Parrots, 
however,  the  tongue  is  thick  and  fleshy,  and  some  perception 
of  taste  may  be  present.  Touch  or  tactile  sensibility,  too,  as 
already  remarked,  is  very  poorly  developed  in  Birds.  The 
body  is  entirely,  or  almost  entirely,  covered  with  feathers ;  the 
anterior  limbs  are  converted  into  wings,  and  rendered  thereby 
useless  as  organs  of  touch  ;  and  the  posterior  limbs  are  covered 
with  homy  scales  or  feathers.  The  bill  certainly  officiates  as 
an  organ  of  touch,  but  it  cannot  possess  any  acute  sensibility, 
as  in  most  birds  it  is  encased  in  a  rigid  horny  sheath.  In  some 
birds,  however,  such  as  the  common  Duck,  the  texture  of  the 
bill  is  moderately  soft,  and  it  is  richly  supplied  with  filaments 
of  the  fifth  nerve ;  so  that  in  these  cases  the  bill  doubtless  con- 
stitutes a  tolerably  efficient  tactile  organ.  The  "  cere,"  too, 
or  the  fleshy  scale  found  at  the  base  of  the  bill  in  some  birds, 
is  in  all  probability  also  used  as  a  tactile  ot^an. 

The  last  anatomical  peculiarity  of  Birds  which  requires 
notice  is  the  peculiar  apparatus  known  as  the  "inferior 
larynx,"  by  whidi  the  song  of  the  singing  birds  is  conditioned. 
"The  air-passages  of  birds  commence  by  a  simple  superior 
larynx,  from  which  a  long  trachea  extends  to  the  anterior 
aperture  of  the  thorax,  where  it  divides  into  the  two  bronchi, 
one  for  each  lung.  At  the  place  of  its  division  there  exists  in 
most  birds  a  complicated  mechanism  of  bones  and  cartilages, 
moved  by  appropriate  muscles,  and  constituting  the  true  organ 
of  voice ;  this  part  is  termed  the  inferior  hirynx." — (Owen.) 
The  structure  o{  the  vocal  apparatus  is  extremely  complicated, 
and  there  is  no  necessity  for  entering  upon  it  here.  It  is  to  be 
remembered,  however,  that  those  modifications  of  the  voice 
which  constitute  the  song  of  birds,  are  produced  in  a  special 
and  complex  cavity  placed  at  the  point  where  the  trachea 
divides  into  the  two  bronchi,  and  nol  in  a  true  larynx  situated 
at  the  summit  of  the  windpipe.  Lastly,  the  trachea  of  birds  is 
always  of  considerable  proportionate  length,  and  it  is  often 
twisted  or  dilated  at  intervals,  this  structure,  doubtless,  having 
something  to  do  with  the  production  of  vocal  sounds.* 

*  The  student  desiious  of  fuller  iTifoniiation  as  to  the  anatomy  of  Birds 
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Before  passing  on  to  the  consideration  of  the  divisions  of 
Birds,  a  few  words  may  be  said  as  to  lh&  ■  migratioti  of  birds. 
In  temperate  and  cold  climates  comparatively  few  birds  remain 
constantly  in  the  same  region  in  which  they  were  hatched. 
Those  which  do  so  remain,  are  called  "  permanent  birds  "  (avcs 
manmtes).  Other  birds,  such  as  the  Woodpeckers,  wander 
about  from  place  to  place,  without  having  any  fixed  direction. 
These  are  called  "wandering  birds"  {aves  erratk<s),?i.-aA.x!a^\\ 
irregular  movements  are  chiefly  conditioned  by  tJie  scarcity  or 
abundance  of  food  in  any  particular  locality.  Other  birds, 
however,  at  certain  seasons  of  tlie  year  undertake  long  jour- 
neys, usually  uniting  for  this  purpose  into  large  flocks.  These 
birds — such  as  the  swallows,  for  instance — are  properly  called 
"  migratory  birds "  (aves  migratoria).  The  movements  of 
these  birds  are  conditioned  by  the  necessity  of  having  a  cer- 
tain mean  temperature,  and  consequently  they  leave  the  cold 
regions  at  the  approach  of  winter,  and  return  again  for  the 
warmer  season. 


CHAPTER    LXVII. 

DIVISIONS    OF    BIRDS. 

I,  General  Divisions  of  Aves.      2.  Natatores. 
3.  Grallatores. 

Owing  to  the  extreme  compactness  and  homogeneity  of  the 
entire  class  Aves,  conditioned  mainly  by  their  adaptation  to  an 
aerial  mode  of  life,  the  subject  of  their  classification  lias  been 
one  of  the  greatest  difficulties  of  the  systematic  Zoologist. 

By  Professor  Huxley  the  Birds  are  divided  into  the  follow- 
ing three  orders  -" 

I.  Saururb  — In  this  order  the  cTudal  vertcbrfe  are  nume- 
rous, and  there  is  no  ploughshare  bone.  The  tail  is  longer 
than  the  bodj,  and  the  metacairal  bones  are  not  anchylosed 
together.  This  order  includes  only  the  single  extinct  bird  the 
ArcJuzopteryx  niacrura,  m  which  the  long  lizard-like  tail  is  only 
the  most  striking  of  several  abncrmalities. 

3.  Ratit.^;,  —  This   order  comprises   the  Running   birds, 

should  consuh  the  masterly  article  by  Owen  011  "Aves"  in  the  '  Cyclo- 
picdia  of  Anatomy  and  Physiology,'  or  the  second  volume  of  the  '  Verle- 
brata '  of  the  same  author,  from  wliich  the  preceding  summary  has  been 
chiefly  derived. 
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which  cannot  fly,  such  as  the  Ostriches,  Emeus,  and  Casso- 
waries. It  is  characterised  by  the  fact  that  the  sternum  has 
no  median  ridge  or  keel  for  the  attachment  of  the  great  pec- 
toral* muscles.  Tlie  sternum  is  thevefore  raft-like  (from  the 
Lat.  rates,  a  raft),  hence  the  name  of  the  order. 

3.  Carinat^. — This  comprises  all  the  living  Flying  birds, 
and  is  characterised  by  the  fact  that  the  sternum  is  furnished 
ivith  a  prominent  median  ridge  or  keel  {carina);  hence  the 
name  of  the  order. 

This  is  probably  the  nearest  approach  to  a  strictly  natural 
classification  of  Birds  which  has  yet  been  proposed;  but  the 
order  Carinatm  is  so  disproportionately  large  as  compared  with 
the  other  two,  that  it  would  lead  to  considerable  inconvenience 
if  it  were  to  be  adopted  here. 

For  the  purposes  of  the  present  work  it  will  be  better  to 
adhere  with  some  modifications,  to  the  classification  of  the 
B  rds  or  g  nally  proposed  by  Kirby,  and  since  sanctioned  by 
the  adopt  on  of  other  distinguished  naturalists.  In  this  more 
generally  current,  but  certainly  artificial,  arrangement,  the 
Id  are  d  V  ded  into  the  following  seven  orders,  founded 
cl  efl)  o  the  hibits  and  mode  of  life,  and  on  tiie  resulting 
anaomcil  or  structural  peculiarities.  To  these  an  eighth 
order  must  be  added  for  the  reception  of  the  Mesozoic  bird, 
the  Archaopteryx,  the  discovery  of  which  dates  from  a  recent 
period.  Before  entering  upon  a  consideration  of  the  indivi- 
dual orders,  it  will  be  as  well  to  present  to  the  student,  synop- 
tically  and  in  an  easily-remembered  form,  the  leading  differences 
between  these  eight  orders. 

1.  Natatores  or  Swimmers. — -Tliese  are  characterised  by  the 
fact  that  the  toes  are  united  by  a  membrane  or  web  ;  tlie  legs 
are  short,  and  are  placed  behind  the  point  of  equilibrium  of 
the  body.  The  body  is  closely  covered  with  feathers,  and 
with  a  thick  coating  of  down  next  the  skin.  (£x.  Ducks, 
Geese,  Pelicans,  Guhs.) 

2.  Grallatores  or  Waders. — The  Wading  birds  are  charac- 
terised by  the  possession  of  long  legs,  which  are  naked  or 
are  not  covered  with  feathers  from  the  distal-  end  of  the  tibia 
downwards.  The  toes  are  long,  straight,  and  not  united  to 
one  another  by  a  membrane  or  web.  (Ex.  Curlews,  Herons, 
Storks.) 

3.  Cursores  or  Rimners. — The  Cursorial  birds  have  very 
short  wings  which  are  not  used  in  flight,  and  the  sternum  is 
without  a  ridge  or  keel.  The  legs  are  exceedingly  robust,  and 
there  are  only  t^vo,  or  at  most  three  developed  toes,  the  liind- 
toe  or  hallux  being  always  absent  or  quite  rudimentary.     The 
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order  agrees  with  the  Ratitx  of  Huxley.     (Ex.  Ostrich,  Emeu, 
Apteryx.) 

4.  Rasores  or  ScraUhers. — The  Rasorlal  birds  have  usually 
strong  feet  with  powerful  blunt  claws  adapted  for  scratching, 
but  sometimes  for  perching.  AH  the  four  toes  are  present. 
The  upper  mandible  is  vaulted,  and  the  nostrils  are  pierced  in 
a  membranous  space  at  its  base,  and  are  covered  by  a  cartila- 
ginous scale.     {Ex.  Fowls,  Game-birds,  Pigeons.) 

5.  Scansores  or  Climbers. — The  Climbing  birds  are  charac- 
terised by  the  structure .  of  the  foot,  in  which  two  toes  are 
turned  backwards  and  two  forwards,  so  as  to  give  the  bird 
unusual  facilities  in  cHmbing  trees.  {Ex.  Parrots,  Toucans, 
Woodpeckers.) 

6.  fnsessores  or  Perchers. — The  Insessorial  or  Passerine  birds 
are  characterised  by  having  slender  and  short  legs,  with  three 
toes  before  and  one  behiftd,  the  two  external  toes  generally 
united  by  a  very  short  membrane,  and  the  whole  foot  being 
adapted  for  perching.  This  is  by  far  the  largest  order  of  birds, 
and  includes  all  our  ordinary  songsters,  such  as  the  Thrushes, 
Linnets,  Larks,  &c,,  together  with  the  Swallows,  Hummin!^- 
birds,  and  many  others. 

7.  Raptores  or  Birds  of  Prey. — The  Birds  of  Rapine  are 
characterised  by  their  strong,  curved,  sharp-edged  and  sharii- 
pointed  beak,  adapted  for  tearing  animal  food  ;  and  by  th«r 
robust  legs  armed  with  four  toes,  three  in  front  and  one  be- 
hind, all  furnished  with  long,  strong,  crooked  claws  or  talons. 
{Ex.  Eagles,  Hawks,  Owls.) 

8.  Saurura. — The  metacarpal  bones  are  not  anchylosed 
together,  and  the  tail  is  longer  than  the  body,  and  consists  of 
numerous  free  vertebrje,  without  a  terminal  ploughshare-bone. 
The  only  member  of  this  order  is  the  extinct  Arc/itsoJ'tcryx. 

Order  I.  Katatores.  —  The  order  of  the  JVafalores,  or 
Swimmers,  comprises  a  number  of  birds  which  are  as  much  or 
even  more  at  home  in  the  water  than  upon  the  land.  In 
accordance  with  their  aquatic  habit  of  life,  the  Natatores  have 
a  boat-shaped  body,  usually  with  a  long  neck.  The  legs  are 
short,  and  placed  behind  the  centre  of  gravity  of  the  body, 
this  position  enabling  them  to  act  admirably  as  paddles,  at  the 
same  time  that  it  renders  the  gait  upon  dry  land  more  or  less 
awkward  and  shuffling.  In  all  cases  the  toes  are  "webbed" 
or  united  by  membrane  to  a  greater  or  less  extent  (fig.  185,  A). 
In  many  instances  die  membrane  or  web  is  stretched  com- 
pletely from  toe  to  toe,  but  in  others  the  web  is  divided  or 
split  up  between  the  toes,  so  that  the  toes  are  fringed  with 
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membranous  borders,  but  the  feet  are  only  imperfectly  webbed. 
As  their  aquatic  mode  of  life  exposes  them  to  great  reductions 
of  temperature,  the  body  of  the  Natatorial  birds  is  closely 
covered  with  feathers  and  with  a  thick  coating  of  down  next 
the  skin.  They  are,  further,  prevented  from  becoming  wet  in 
the  water  by  the  great  development  of  the  coccygeal  oil-gland, 
by  means  of  which  the  lustrous  plumage  is  kept  constantly 
lubricated  and  waterproof.  They  are  usually  polygamous, 
each  male  consorting  with  several  females ;  and  the  young 
are  hatched  in  a  condition  not  requiring  any  special  assistance 
from  the  paxents,  being  able  to  swim  and  procure  food  for 
themselves  from  the  moment  they  are  liberated  from  the  egg. 


The  Nataiores  are_divided  into  the  following  four  families: — 
Fam.  r.  Brevipennata.  —  In  this  family  of  the  swimming 
birds  the  wings  are  always  short,  and  are  sometimes  useless  as 
organs  of  flight,  the  tail  is  very  short,  and  the  legs  are  placed 
very  far  back,  so  as  to  render  terrestrial  progression  very 
difficult  or  awkward.  The  family  includes  the  Penguins,  Auks, 
Guillemots,  Divers,  and  Grebes.  In  the  Penguins  {SpheniscidK) 
the  wings  are  completely  rudimentary,  without  quills,  and 
covered  with  a  scaly  skin.  They  are  useless,  as  far  as  flight 
is  concerned,  but  they  are  employed  by  the  bird  as  fins,  en- 
abling it  to  swim  under  water  with  great  facility,  and  they  are 
also  used  on  the  land  as  fore-legs.  The  feet  are  webbed,  and 
the  hinder  toe  is  rudimentary  or  wanting.  The  Penguins  live 
gregariiously  in  the  seas  of  the  southern  hemisphere,  on  the 
coasts  of  South  Africa  and  South  America,  especially  at  Terra 
del  Fuego,  and  in  the  solitary  islands  of  the  South  Pacific. 
When  on  land  the  Penguins  stand  bolt  upright,  and  as  they 
usually  stand  on  the  shore  in  long  lines,  they  are  said  to  present 
a  most  singiiiar  appearance.      The  best-known  species  are  the 
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Jackass  Penguin  (Spheiiiscus  iktnersus)  of  the  Falkland  Islands, 
and  the  King  Penguin  {Apfenodytes  Patagonicd)  of  the  Straits 
of  Magalhaens.  ]n  the  Auks  (Akidce)  the  wings-  are  better 
developed  than  in  the  Penguins,  and  they  contain  true  quill- 
feattersj  but  they  are  still  short  as  compared  with  the  size  of 


the  body,  and  are  of  more  use  as  fins  than  for  flight.  The 
Great  Auk  or  Gaie-fowl  {Alca  impmnts)  is  remarkable  for  being 
one  of  the  birds  which  appear  to  have  become  entirely  extinct 
widiin  the  human  period,  having  been,  in  fact,  destroyed  by 
man  himself.  It  used  to  abound  in  the  arctic  regions,  and 
occasionally  visited  our  own  shores  in  the  winter.  The  Little 
Auk  {Mergulus  alba)  occurs  still  in  abundance  in  the  seas  of 
the  arctic  regions.  Other  well-known  members  of  this  group 
are  the  Razor-bill,  the  Puffins  {Fratercula  ardka),  and  the 
Guillemots  (Uria).  The  Guillemots  have  a  short  tail,  narrow 
and  pointed  wings,  short  feet,  and  no  hallux.      Like  the  other 
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members  of  the  family,  they  inhabit  northern  and  polar  re- 
gions. 

In  the  Divers  {Colymbida),  comprising  the  true  Divers  and 
the  Grebes,  the  power  of  flight  is  pretty  well  developed,  but 
tlie  bird  still  is  much  more  active  in  the  water,  swimming  or 
diving,  than  on  land  The  Grebes  are  not  uncommon  in  Bri- 
tain, and  are  largely  killed  for  making  muffs,  collars,  and  other 
articles  ol  winter  dress.  They  have  the  membrane  between 
the  toes  deeply  incised.  They  haunt  the  sea  as  well  as  lakes 
and  rivers,  and  swim  and  dive  admirably.  In  the  Divers  pro- 
per the  front  toes  are  completely  united  by  a  membrane.  The 
Northern  Diver  or  Loon  {Colymbtts  glacialis)  is  a  familiar  ex- 
ample, and  isfound  on  the  f  h  gl     orthern  latitudes. 

Fam.  2.  Longipennata. — Th  f  m  ly  f  Natatores  is  charac- 
terised by  the  well-developed  w  g  1  pointed,  sometimes 
knife-like,  sometimes  hook  d  b  1!  d  by  never  having  the 
hallux  united  with  the  an  by       membrane.     The 

following  are  the  more  imp  rt  gr  i  coming  under  this 
head : — 

a.  LaridiB,  or  Gulls  and  T  h  p  werful  wings,  a  free 
hinder  toe,  and  the  three  a  ed  by  a  membrane. 
The  gulls  form  an  exceed  ly  1  g  d  widely  distributed 
group  of  birds;  and  the  Terns  or  Sea  swallows  are  equally 
beautiful,  if  not  quite  so  common.  The  Terns  are  distinguished 
by  their  long  and  pointed  wings,  forked  taii,  and  comparatively 
short  legs.  They  fly  with  great  rapidity  over  the  surface  of  the 
sea,  from  which  they  pick  up  their  food. 

b.  Procellarida,  or  Petrels,  closely  resembling  the  true  Gulls, 
but  having  a  rudimentary  hinder  toe,  and  having  the  upper 
mandible  strongly  hooked.  The  smaller  species  of  Petrel  are 
well  known  to  all  sailors  under  the  name  of  Storm-birds  and 
Mother  Carey's  Chickens.  They  ai'e  nocturnal  or  crepuscular 
in  their  habits,  breed  in  holes  in  the  rocks,  lay  but  one  egg, 
and  are  almost  all  of  small  size  and  more  or  less  sombre 
plumage.  The  largest  member  of  the  group  is  the  gigantic 
Albatross  {Dioinedca  exulans),  not  uncommonly  found  far  from 
land  in  both  the  northern  and  southern  oceans.  The  Albatross 
sometimes  measures  as  much  as  fifteen  feet  from  the  tip  of 
one  wing  to  that  of  the  other,  and  the  flight  is  powerful  in 
proportion. 

Fam.  3-  Tottpalmatie,  characterised  by  having  the  hinder 
toe  or  hallux  more  or  lesp  directed  inwards,  and  united  to  the 
innermost  of  the  anterior  toes  by  a  membrane  (fig.  185,  A).  In 
this  family  are  the  Pelicans,  Cormorants,  Gannets,  Frigate- 
birds,  Darters,  and  others.     They  all  fly  well,  and  have  short 
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legs,  and  amongst  them  are  almost  the  cmly  Natatorial  Birils 
which  ever  perch  upon  trees. 

The  Pelicans  {Pelicanidm)  are  lai^e  birds,  whicli  subsist  on 
fish,  and  are  found  in  Europe,  Asia,  Africa,  and  the  New 
World.  They  sometimes  measure  as  much  as  from  ten  to  fif- 
teen feet  between  the  tips  of  the  wings,  and  most  of  the  bones 
are  pneumatic,  so  that  the  skeleton  is  extremely  light  The 
lower  mandible  is  composed  of  two  flexible  branches  which 
serve  for  the  support  of  a  large  "gular"  pouch,  formed  by  the 
loose  unfeathered  skin  of  the  neck.  The  bill  is  long  and 
straight,  and  the  upper  mandible  is  strongly  hooked  at  the  tip. 
The  fish  captured  by  the  bird  are  temporarily  deposited  in  this 
pouch,  and  the  parent  birds  feed  their  young  out  of  it. 

In  the  Cormorants  {Phalatrocorax)  there  is  no  pouch  be- 
neath the  lower  mandible,  but  the  skin  of  the  throat  is  very 
lax  and  distensible;  the  nail  of  the  middle  toe  is  serrated. 
They  are  widely  distributed  over  the  world,  one  species  being 
very  abundant  in  many  parts  of  Europe.  The  Gannets 
{Suld)  have  a  compressed  bill,  the  margins  of  which  are  finely 
crenate  or  toothed.  They  occur  abundantly  on  many  parts  of 
the  coasts  of  northern  Europe,  one  of  the  most  noted  of  their 
stations  being  the  Bass  Rock  at  the  mouth  of  the  Firth  of 
Forth.  Anodier  species  {Sula  variegata)  is  of  greater  import- 
ance to  man,  as  being  one  of  the  birds  from  the  accumulated 
droppings  of  which  guano  is  derived.  The  Frigate-birds 
{Tachypetes)  are  chiefly  remarkable  for  their  extraordinary 
powers  of  flight,  conditioned  by  their  enormously  long  and 
powerful  wings  and  long  forked  tail.  They  occur  on  tlie  coasts 
of  tropical  America,  and  are  often  found  at  immense  distances 
from  any  land.  The  Tropic-birds  (PliMtoii)  inhabit  inter- 
tropical regions,  and  are  found  far  out  at  sea.  They  have 
short  feeble  feet,  and  long  pointed  wings. 

The  Darters  or  Snake-birds  {Plains)  are  somewhat  aberrant 
members  of  this  group,  characterised  by  their  elongated  necks 
and  long  pointed  bills.  They  occur  in  America,  Africa,  and 
Australia,  and  catch  fish  by  suddenly  darting  upon  them  from 
above. 

Fam.  4.  Lamdlirostres. — The  last  family  of  the  Natatores 
is  that  of  the  Lamellirostres,  including  the  Ducks,  Geese, 
Swans,  and  Flamingoes ;  and  characterised  by  the  form  of  the 
beak  (figs.  179,  185),  which  is  Battened  in  form  and  covered 
with  a  soft  skin.  The  edges  of  the  bill  are  farther  furnished 
with  a  series  of  transverse  plates  or  lamellee,  which  form  a  kind 
of  fringe  or  "strainer,"  by  means  of  which  these  birds  sift  the 
mud  in  which  they  habitually  seek  their  food.     The  bill  is 
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richly  supplied  with  filaments  of  the  fifth  nerve,  and  doubtless 
serves  as  an  efficient  organ  of  touch.  The  feet  are  furnished 
with  four  toes,  of  which  three  are  turned  forwards,  and  are 
webbed,  whilst  the  fourth  is  turned  backwards,  and  is  free. 
The  trachea  in  the  males  is  often  enlarged  or  twisted  in  its 
lower  part,  and  co-operates  in  the  production  of  the  peculiar 
clanging  note  of  most  of  these  birds.  The  body  is  heavy,  and 
the  wings  only  moderately  developed. 

The  groups  of  the  Ducks  (Anaiidce),  Geese  (Anserina), 
and  Swans  {Cygnidm),  are  too  familiar  to  require  much  special, 
notice.  The  Anatidis,  or  true  Ducks,  have  the  liallux  fiu-- 
nished  with  a  very  narrow  membranous  lobe,  and  the  laminse 
of  the  upper  mandible  generally  projecting.  As  examples  may 
be  taien  the  Mallards  and  Teals  (Bosckas),  the  Widgeons 
{Marem),  the  Shoveller  {Anas),  and  the  Pin-tail  Ducks  {Dafila). 
The  Sea-Ducks  {FuliguHnm)  frequent  the  sea  chiefly,  and  have 
the  hallux  furnished  with  a  wide  membranous  lobe.  Good 
examples  are  the  Eider-duck  {Somateria),  the  Surf-duck 
{Oidemid),  the  Canvass-back  Duck,  and  Pochard  {FuHguld), 
and  the  Golden-eye  ( Clnngula). 

The  Anserine  are  distinguished  from  the  Ducks  chiefly  by 
their  stronger  and  longer  legs,  and  comparatively  shorter  wings. 
Good  examples  are  the  Grey  Lag  {Anser  ferus),  the  Canada 
Goose  (A.  Canadensis),  the  Bean-goose  {A.  Segelum),  and  the 
Snow-goose  (A.  hyperborms). 

In  the  Swans  the  neck  is  extremely  long,  and  the  legs  are 
short.  In  the  Hooper  Swan  {Cygfius ferus)  the  sternal  keel  is 
double,  and  forms  a  cavity  for  the  reception  of  a  convoluted 
portion  of  the  trachea.  This  is  not  the  case,  however,  with 
the  Mute  Swan  (C  okr),  the  Black  Swan  {C.  atratus),  or  the 
Trumpeter  Swaa  (C  bucdnalor),  all  well-known  members  of 
the  group. 

The  Flamingoes,  however,  forming  the  group  of  '^^  PAeenkop- 
teri4<s,  require  some  notice;  if  only  for  the  fact  that  the  legs  are 
so  long  and  slender  that  they  have  often  been  placed  in  the 
order  Grallatores  on  this  account  The  three  anterior  toes, 
however,  are  webbed  or  completely  united  by  membrane,  and 
the  bill  is  lamellate,  so  that  there  can  be  little  hesitation  in 
leaving  the  Flamingo  in  its  present  position  amongst  the  Naia- 
tores.  The  bill  is  singularly  bent,  both  mandibles  being  sud- 
denly curved  downwards  from  the  middle.  The  common 
Flamingo  {Phcenkopterus  ruber)  occurs  abundantly  in  various 
parts  of  southern  Europe.  Il  stands  between  three  and  four 
feet  in  height,  the  general  plumage  being  rose-coloured,  the 
wing-coverts  red,  and  the  quill -feathers  of  the  wings  black. 
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The  tongue  is  fleshy,  and  one  of  the  extravagances  of  the 
Romans  during  the  later  period  of  the  Empire  was  to  have 
dishes  composed  solely  of  Flamingoes'  tongues.  Other  species 
occur  in  South  America  and  Africa. 

Order  II.  Grallatores.— The  birds  comprising  the  order 
of  the  Grallatores,  or  Waders,  for  the  most  part  frequent  the 
banks  of  rivers  and  lakes,  the  shores  of  estuaries,  marshes,  la- 
goons, and  shallow  pools,  though  some  of  them  keep  almost 
exclusively  to  dry  land,  preferring,  however,  moist  and  damp 
situations.  In  accordance  with  their  semi-aquatic  amphibious 
habits,  the  Waders  are  distinguished  by  the  great  length  of  their 
legs ;  the  increase  in  length  being  mainly  due  to  the  great  elon- 
gation of  the  tarso-metatarsus.  The  legs  are  also  unfeathered 
from  the  lower  end  of  the  tibia  downwards.  The  toes  are 
elongated  and  straight  (fig.  187,  A),  and  are  never  completely 
palmate,  though  sometimes  semi-palmate.  There  are  three 
anterior  toes,  and  usually  a  short  hallux,  but  the  latter  may  be 
wanting.  The  wings  are  long,  and  the  power  of  flight  usually 
considerable;  but  the  tail  is  short,  and  the  long  legs  are 
stretched  out  behind  in  flight  to  compensate  for  the  brevity  of 
the  tail.  The  body  is  generally  slender,  and  the  neck  and 
beak  usually  of  considerable  length  (fig.  187,  B),  They  are 
sometimes  polygamous,  sometimes  monogamous,  and  the  young 
of  the  former  are  able  to  run  about  as  soon  as  they  are  hatched. 


The  most  typical  Waders — those,  namely,  which  are  semi- 
aquatic  in  their  habits— spend  most  of  their  time  wading  about 
in  shallow  waters  or  marshes,  feeding  upon  small  fishes,  worms, 
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shell-fish,  or  insects.  Others,  such  as  the  Storks,  live  mostly 
upon  the  land,  and  are  more  or  less  exclusively  vegetable- 
feeders. 

The  Grallatores  are  divided  into  the  four  families  of  tlie 
Macrodadyli,  the  Cultirostres,  the  Longirostres,  and  the  Prcs- 
sirostres. 

Fam.  I.  Macrodadyli. — In  this  family  the  feet  are  furnished 
with  four  elongated,  sometimes  lobate,  toes,  and  the  wings  are 
of  moderate  or  less  than  average  size.  In  many  of  their  char- 
acters a  considerable  number  of  the  birds  of  this  family  ap- 
proach the  Rasorial  birds,  and  differ  from  the  true  Waders. 
Tlie  beak  is  mostly  short,  rarely  longer  than  the  head,  and  is 
compressed  from  side  to  side,  or  wedge-shaped.  The  legs  are 
strong  and  not  particularly  lengthy ;  but  the  toes  are  often  of 
great  length,  and  are  furnished  with  long  claws.  The  neck  is 
not  very  long,  and  the  tail  is  very  short.  Some  of  them  are 
strictly  aquatic  in  their  habits,  and,  like  the  Coots,  approach 
in  many  respects  to  the  Natatores;  others,  again,  are  exclusively 
terrestrial.  The  most  familiar  members  of  this  family  are  the 
Rails  {Rallus),  Water-hens  {Gallimda),  the  Coots  {I-'ulka), 
and  the  Jacana  {Parra  jacana).  The  Water-hens  and  Coots 
are  aquatic  or  semi-aquatic,  swimming  and  diving  with  great 
ease.  In  the  Coots  the  toes  are  semi-palmate,  being  bordered 
by  membranous  lobes,  like  the  toes  of  the  Grebes,  but  the 
toes  are  not  fringed  in  the  Gallinules.  Amongst  the  Coots 
should  probably  be  placed  the  iWifoz-ww  (Owen),  long  supposed 
to  be  extinct,  but  recently  proved  to  be  still  living  In  the 
Middle  Island  of  New  Zealand.  The  Noiorins\^  much  larger 
than  the,  ordinary  Cools,  and  is  remarkable  in  the  fact  that, 
like  many  extinct  and  some  living  New  Zealand  birds,  the 
wings  are  so  rudimentary  as  to  be  useless  for  fiighL  The  true 
Rails,  comprising  the  common  Land-rail  {Rallus  aquatkus), 
and  the  Corn-crake  {Crex pratensis)  of  Britain,  and  tlie  Marsh 
Hen  {Rallus  elegans),  and  Virginian  Rail  {R.  Virgiiiianus)  of 
North  America,  live  almost  exclusively  on  land,  though  the 
former  usually  frequents  damp  or  marshy  places.  In  the 
Jacanas,  lastly,  the  feet  are  furnished  with  excessively  long 
and  slender  toes,  which  enable  the  bird  to  run  about  upon  the 
leaves  of  aquatic  plants ;  whilst  the  carpus  is  armed  with  for- 
midable spurs.  They  are  natives  of  South  America,  Africa, 
and  India.  Closely  allied  to  the  Jacanas  are  the  Screamers 
iPalamedea)  of  South  America,  of  which  the  Homed  Screamer 
(P.  cornutd)  is  the  best  known.  It  has  a  long  frontal  horn, 
and  has  spurs  implanted  on  the  edge  of  the  wing. 

Fam.  2.   Cultirostres. — In  this  family  of  the  Grallatoms  are 


Hosled  by  Google 


4S2  MANUAL   OF   ZOOLOGY. 

some  of  the  most  typical  and  familiar  forms  contained  in  the 
entire  order.  The  bill  in  this  family  is  long — usually  longer 
than  the  head — and  is  compressed  from  side  to  side ;  the  legs 
are  long  and  slender,  having  a  considerable  portion  of  the 
tibife  unfeathered;  and  the  feet  have  four  toes,  which  are 
usually  connected  to  a  greater  or  less  extent  at  their  bases  by 
membrane.  In  this  family  are  the  Cranes,  Herons,  Stork,  Ibis, 
Spoonbill,  and  others  of  less  importance. 


The  Cranes  {Gruidce)  are  large  and  elegant  birds,  and  are 
chiefly  reniarkab.e  for  their  long  migrations,  which  were  noticed 
by  many  classical  authors.  In  these  journeys  the  Cranes 
usually  fly  in  large  flocks,  led  by  a  single  leader,  so  that  the 
whole  assemblage  assumes  a  wedge-like  form ;  or  they  fly  in 
long  lines.  The  common  Crane  {Grus  d»erm)  breeds  in  the 
north  of  Europe  and  Siberia,  and  migrates  southwards  at  the 
approach  of  winter.  The  Numidian  Crane  or  Demoiselle  in- 
habits Asia  and  Africa,  the  Stanley  Cranes  {Anthropoides)  are 
natives  of  the  East  Indies,  and  the  Crowned  Cranes  {Bakaricd) 
are  African,  The  Herons  {Ardeida)  are  familiarly  known  to 
every  one  in  the  person  of  the  common  Grey  or  Crested  Heron 
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{Ardea  cinerea,  fig.  188)-  It  was  one  of  the  birds  most  gene- 
rally pursued  in  the  now  almost  extinct  sport  of  falconry. 
Various  species  of  Heron  are  found  over  the  whole  world,  both 
in  temperate  and  hot  climates.  Here,  also,  belong  the  various 
species  of  Night  Heron  (Nyctkorax),  the  Bitterns  {Botaurus), 
and  the  Boat-bills  {Cancroma). 

The  Ibises  (Tantalinm)  form  a  group  of  beautiful  birds, 
species  of  which  occur  in  all  the  warm  countries  of  the  world. 
They  are  distinguished  by  their  metallic  colours,  long,  cylin- 
drical, curved  bill,  and  more  or  less  naked  head.  One,  the 
Ibis  religiosa,  was  regarded  by  the  ancient  Egyptians  as  a  deity, 
and  was  treated  with  divine  honours,  being  often  embalmed 
along  with  their  mummies,  or  figured  on  their  monuments. 

The  Storks  (Cicomnce)  are  large  birds,  of  which  one,  the 
common  Stork  ( Ciconia  alba),  is  rarely  found  in  Britain,  but 
occurs  commonly  on  the  Continent,  where  it  is  often  semi- 
domesticated.  The  Storks  live  in  marshes,  and  feed  on  frogs, 
fishes,  &C,  Nearly  related  to  the  true  Storks  are  the  gigantic 
Marabout  {Ckonia  Marahou)^  and  Adjutant  (C  Argala)  of 
Africa  and  India,  which  possess  a  sausage- shaped  appendage 
in  front  of  the  neck. 

The  Spoonbills  (Plaialeadm)  are  also  large  birds,  very  like 
the  Storks,  but  the  bill  is  flattened  out  so  as  to  form  a  broad 
spoon-like  plate.  The  common  White  Spoonbill  {Platalm 
kucorodia)  is  found  commonly  on  the  Continent,  but  is  of  very 
rare  occurrence  in  Britain. 

Fam.  3.  Zangirosfres.— The  third  family  of  Waders  is  that 
of  the  Longirostres,  characterised  by  the  possession  of  long, 
slender,  soft  bills,  grooved  for  t!ie  perforations  of  the  nostrils 
{fig.  187,  B).  The  legs  are  sometimes  rather  short,  sometimes 
of  great  length ;  the  toes  are  of  moderate  length,  and  the 
hallux  is  usually  short,  and  is  sometimes  absent  The  bill  in 
these  birds  serves  as  an  organ  of  touch,  being  used  as  a  kind 
of  probe  to  feel  for  food  in  mud  of  marshy  soiL  To  fulfil  this 
purpose,  the  tip  of  the  bill  is  furnished  with  numerous  filaments 
of  ie  fifth  nerve.  Tliey  feed  mostly  upon  insects  and  worms, 
and  are  not  strictly  aquatic  in  their  liabits,  mostly  frequenting 
marshy  districts,  moors,  fens,  the  banks  of  rivers  or  lakes,  or 
tile  shores  of  the  sea. 

In  this  family  of  the  Long-billed  Waders  are  the  various 
species  of  Snipe  and  Woodcock  {Scolopaddd),  the  Sandpipers 
{Tringa),  the  Curlews  {Nutnaiius),  the  Turnstones  (Strepstlas), 
the  Ruffs  \Machdes),  the  Redshanks  {Totaiiiis),  the  Godwits 
(Limosd),  and  others  which  need  no  special  notice. 

Fam.  4.  Pressirostres.  —  The  members  of  this  family  are 
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characterised  by  the  moderate  length  of  the  biil,  which  is 
seldom  longer  than  the  head,  and  has  a  compressed  tip.  The 
legs  are  long,  but  the  toes  are  short,  and  are  almost  always 
partially  connected  together  at  their  bases  by  membrane.  The 
hallux  is  short,  and  is  often  wanting.  The  wings  are  long,  and 
they  can  both  fly  powerfully  and  run  with  great  swiftness.  In 
this  section  are  two  very  distinct  sub-families,  the  Charadriida 
or  Plovers,  and  the  Oiidm  or  Bustards.  In  the  former  of  these 
the  legs  are  long  and  slender,  the  toes  are  united  at  their  bases 
by  a  small  membrane,  and  the  hind-toe  is  veiy  small  and  raised 
above  the  ground,  or  is  entirely  wanting.  In  this  group  are 
the  true  Plovers  and  Lapwings  {Charadrius  and  Vanellus),  the 
Pratincoles  {Glareala),  the  Long-shanks  (Bimantopus),  the 
Oyster-catcher  {Hamatopus),  and  the  Thick-knee  (CE(//i7;«««j). 
In  the  Otid<s,  or  Bustards,  the  legs  are  long  and  the  toes  are 
short  and  furnished  with  stout  claws.  The  hinder  toe  or  hallux 
is  entirely  wanting;  and  these  birds  are  chiefly  interesting  from 
the  affinities  which  they  exhibit  to  the  Jiasores  on  the  one 
hand,  and  to  the  Cursores  (Ostrich,  &c.)  on  the  otiier,  The 
wings,  however,  are  of  ample  size,  and  the  tail  is  long,  the 
reverse  being  the  case  in  the  Citrsores.  The  Bustards  are 
entirely  confined  to  the  Old  World,  and  two  species  were  for- 
merly not  uncommon  in  Britain.  They  are  found  in  plains 
and  downs,  and  rarely  fly,  but  run  with  great  swiftness,  using 
the  wings  to  accelerate  their  course.  They  are  polygamous, 
and  the  males  are  generally  brighter  and  more  variegated  in 
plumage  than  the  females. 


CHAPTER   LXVIII. 

CURSORES    AND    RASORES. 

Order  III.  Cursores. — ^The  third  order  of  Birds  is  that  ol 
the  Cursores,  or  Runners,  comprising  the  Ostriches,  Rheas, 
Cassowaries,  Emeus,  and  the  singular  Apteryx  of  New  Zealand. 
In  many  respects  the  Cursores  are  to  be  looked  upon  as  an 
artificial  assemblage;  but  in  the  meanwhile  it  will  be  most 
convenient  to  consider  them  as  forming  a  distinct  division. 
The  Cursores  are  characterised  by  the  rudimentary  condition 
of  the  wings,  which  are  so  short  as  to  be  useless  for  fliglit,  and 
by  the  compensating  length  and  strength  of  the  legs.  In 
accordance  with  this  condition  of  the  limbs,  many  of  the  bones 
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retain  their  marrow,  and  the  sternum  (fig.  189,  B)  is  destitute 
of  the  prominent  ridge  or  keel,  to  which  the  great  pectoral 
muscles  are  attached  (hence  the  name  of  Ratidm,  applied  by 
Huxley  to  the  order).  In  the  Ostrich,  the  pubic  bones  of  the 
pelvis  unite  to  form  a  symphysis  pubis,  as  they  do  in  no  other 
bird  ;  and  in  all,  the  pelvic  arch  possesses  unusual  strength  and 
stability.  The  legs  are  extremely  robust  and  powerful,  and  the 
hind-toe  is  entirely  wanting,  except  in  the  Apteryx,  in  which  it 
is  rudimentary.  The  anterior  toes  are  two  or  three  in  number, 
and  are  provided  with  strong  blunt  claws  or  nails.  The  plumage 
presents  the  remarkable  peculiarity  that  the  barbs  of  t£e 
feathers,  instead  of  being  connected  to  one  another  by  hooked 
barbules,  as  is  usually  the  case,  are  remote  and  disconnected 
from  one  another,  presenting  some  resemblance  to  hairs 


lernum  of 

The  order  Cursores  may  be  divided  into  the  two  families  of 
the  Stnithionida  and  the  Apterygidie — -the  former  characterised 
by  the  absence  of  the  hallux,  and  comprising  the  Ostrich, 
Rhea,  Emeu,  and  Cassowary,  with  several  extinct  forms ;  the 
latter  comprising  only  the  Apteryx  of  New  Zealand,  and  char- 
acterised by  the  possession  of  a  rudimentary  hallux. 

The  African  Ostrich  {Struthio  camelus)  occurs  in  the  desert 
plains  of  Africa  and  Arabia,  and  is  the  largest  of  all  living 
birds,  attaining  a  height  of  from  six  to  eight  feet  The  head 
and  neck  are  nearly  naked,  and  the  quill -feathers  of  the  wings 
and  tail  have  their  barbs  wholly  disconnected,  constituting  the 
ostrich-plumes  of  commerce.  The  legs  are  extremely  strong, 
and  are  terminated  by  two  toes  only  (fig.  169,  A),  these  con- 
sisting respectively  of  four  and  five  phalanges,  showing  that  it 
is  the  hallux  and  the  innermost  toe  which  are  wanting.  The 
internal  one  of  the  two  toes  is  much  the  laigest,  and  is  clawed, 
the  outer  toe  is  small  and  clawless.  The  Ostriches  run  with 
extraordinary  speed,  and  can  outstrip  the  fastest  horse.     They 
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are  polygamous,  each  male  consorting  with  several  females,  and 
they  generally  keep  together  in  larger  or  smaller  flocks.  The 
eggs  are  of  great  size,  averaging  tliree  pounds  each  in  weight, 
and  the  hens  lay  their  eggs  in  the  same  nest,  this  being  nothing 
more  than  a  hole  scratclied  in  the  sand.  The  eggs  appear  to 
be  hatched  mainly  by  the  exertions  of  both  parents,  relieving 
each  other  in  the  task  of  mcubation,  but  also  partly  by  the  heat 
of  the  sun,* 

The  American  Ostriches  or  Jihtas  are  much  smaller  than 
the  African  Ostrich,  and  have  the  head  feathered,  whilst  the 
feet  are  furnished  with  three  toes  each.  The  wings  are  rudi- 
mentary, and  the  phalanges  are  plumed  and  terminated  by  a 
spur.  They  inhabit  the  great  plains  of  South  America,  and  are 
polygamous. 

The  Emeu  (promaius  Novm-Hollandia)  is  exclusively  found 
in  the  Australian  continent,  and  nearly  equals  the  African 
Ostrich  in  size,  attaining  a  height  of  from  five  to  seven  feet. 
The  feet  are  furnished  with  three  toes  each,  and  the  head  is 
feathered.  The  throat,  however,  is  naked,  and  the  general 
plumage  resembles  long  hairs,  the  feathers  hanging  down  on 
both  sides  of  the  body  from  a  central  line  or  parting  which 
runs  down  the  middle  of  the  back.  The  Emeus  are  mono- 
gamous, and  the  eggs  are  dark  green  in  colour.  The  male 
Emeu  is  smaller  than  the  female,  and  undertakes  all  the  duties 
of  incubation. 

The  last  of  the  Slruihionida  is  the  Cassowary  (Castiarius 
galeaius),  which  inhabits  the  Moluccan  Islands  and  New 
Guinea,  and  was  first  brought  alive  to  Europe  by  the  Dutch, 
It  stands  about  five  feet  in  height,  and  possesses  a  singular 
homy  crest  upon  its  head.  The  head  and  neck  are  naked, 
with  pendent  wattles,  and  the  feet  have  three  toes  each.  The 
general  plumage  is  black,  and  the  feathers  more  or  less  closely 
resemble  hairs.  The  wings  are  rudimentary,  each  with  five 
naked  pointed  quills.  The  male  is  much  the  smallest,  and  sits 
upon  the  eggs.  Besides  the  Galeated  Cassowary,  other  species 
have  been  described  from  New  Britain  and  North  Australia. 

The  second  family  of  the  Cursorial  birds  is  that  of  the 
Apterygidff,  comprising  only  the  singular  Apteryx  of  New 
Zealand.  The  beak  in  the  Apteryx  is  long,  slender,  and 
slightly  curved,  the  tip  being  obtuse,  and  the  nostrils  placed 
at  the  extremity  of  the  upper  mandible.  The  legs  are  com- 
paratively short,  and  there  is  a  rudimentary  hind-toe  or  hallux, 
forming  a  kind  of  spur,  furnished  with  a  claw.     The  wings  are 

*  Mr  Sclater,  however.  States  that  the  duly  of  incubation  U  entirely 
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entirely  rudimentary,  and  are  quite  concealed  by  the  feathers, 
each  terminating  in  a  sharp  claw.  The  feathers  are  long  and 
narrow,  and  the  tail  is  short  and  inconspicuous.  The  Apteryx 
is  wholly  confined  to  New  Zealand,  and  is  nocturnal  in  its 
habits,  living  upon  insects  and  wonns.  Three  species  of 
Apteryx  have  been  described,  of  which  A.  austraUs  (fig.  190) 
is  the  best  knows. 


Fig,  190.— 4/fe^I  amiralh,     (Gould.l 

Besides  the  above-mentioned  living  fonns,  the  order  Ciirsores 
comprises  several  gigantic  extinct  forms,  which  will  be  treated 
of  when  describing  the  geological  distribution  of  Birds  as  a 
class. 

Order  IV.  Rasores.— The  fourth  order  of  Birds  is  that  of 
the  Rasores,  or  Scratchers,  often  spoken  of  collectively  as  the 
"  Gallinaceous  "  birds,  from  the  old  name  of  "  Gallinte,"  given 
to  the  order  by  LinuEeus.  The  Hasores  are  cliaracterised  by 
the  convex,  vaulted  upper  mandible,  having  the  nostrils  pierced 
in  a  membranous  space  at  its  base.  The  nostrils  are  covered 
by  a  cartilaginous  scale.  The  legs  are  strong  and  robust, 
mostly  covered  with  feathers  as  far  as  the  joint  between  the 
tibia  and  tarso-metatarsus.  There  are  four  toes,  three  in  front 
and  one  behind,  the  latter  being  short,  and  placed  at  a  higher 
evel  than  the  other  toes.     All  the  toes  terminate  in  strong 


Hosled  by  Google 


4°  NU    L  OF  Z   O   OGY. 

b  u    b  h    g  (fi  .  191,  A).     The  food  of 

b  rs       G  b         consists  chiefly  of  hard 

g  d        d        d  with  this  they  have  a.  ca- 

p  P       d  m  g  and  muscular  gizzard. 

Th      m  d    ca  b     d    h       nests,  upon  the  ground, 

d    h    m  ca    m  h     order  are  polygamous, 

m  p  h         diiication  or  incubation, 

d  g  p  ous,"  being  able  to  run 

about  and  provide  themselves  with  food  from  the  moment  they 
quit  the  egg.  Xhe  young  of  the  Pigeons  and  Doves,  however, 
are  brought  forth  in  a  comparatively  helpless  condition.  The 
wings  in  the  majority  of  the  Rasores  are  more  or  less  weak, 
and  the  flight  is  feeble  and  accompanied  with  a  whirring  sound. 
Many  of  the  Pigeons,  however,  are  capable  of  very  powerful 
and  sustained  flight. 

The  order  Rasores  is  divided  into  two  sub-orders,  called  re- 
spectively the  Gailijiacei  and  the  Columbacd,  or  sometimes, 
from  the  characters  of  the  sounds  which  they  utter,  the  Clama-. 
tores  and  the  Gemitores. 

Sub-order  1.  Gallinacd  or  Clamaiores.  —  This  sub-order 
comprises  the  typical  members  of  the  order  Rasores,  such  as 
the  common  Fowls,  Turkeys,  Partridge,  Grouse,  Pea-fowl,  and 
a  number  of  allied  forms.  Its  characters  are  therelore  those 
of  the  order  itself,  but  it  is  especially  distinguished  from  the 
Columbacei  by  being  less  fully  adapted  for  flight.     The  body  is 


much  heavier  comparatively  speaking,  the  bgs  and  feet  are 
stronger,  and  the  wings  shorter  and  less  powerful.  On  the 
whole,  therefore,  these  birds  are  worse  fliers  than  the  Cehimbacei, 
and  are  better  adapted  for  living  upon  the  ground.  The  hallux 
is  elevated  above  the  anterior  toes,  and  merely  touches  the 
ground  in  walking.  The  back  of  the  tarsus,  too,  is  usually 
furnished  in  the  tnales  with  a  spur  {calcar),  which  is  used  as  an 
offensive  weapon,  and  has  sometimes  been  looked  upon  as  a 
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rudimentary  toe.*  Lastly,  the  GaUinacd  are  mostly  polygam- 
ous, and  the  males  are  usually  much  more  brilliantly  coloured 
than  the  females,  this  being  an  adaptive  modification  of  the 
plumage  to  meet  this  peculiarity  in  their  mode  of  life-t 

The  following  are  the  most  important  families  of  the  Gal- 

The  TeiraonidtB^  or  Grouse  family,  comprises  the  various 
species  of  Grouse  (Tetrao),  the  Rutfed  Grouse  {Banasa),  the 
Cock  ol  the  Plains  ( Centrocerats),  and  the  Ptarmigans  [La^pus). 

The  Perdkidx,  or  Partridge  family,  comprises  the  Par- 
tridges (Perdix),  the  Francolins  (Franwlintu\  the  Quails  {Co- 
tiimix),  the  Maryland  Quail  (Ortyx),  the  Tufted  Quails 
{Lophortyx),  &c. 

The  PhasianidiB  or  Pheasant  family,  comprises  the  Turkeys 
and  Guinea-fowl  {Meieagrina),  the  common  Pheasant  {PAasi' 
anus  CoUhicus),  the  Golden  and  Silver  Pheasants,  the  common 
Fowl  {Gallus  domestkus),  and  the  Pea-fowl  {Pavonince).  None 
of  these  birds — all  of  which  can  be  domesticated,  and  most  of 
which  are  of  great  value  to  man — are  natives  of  this  countrj-, 
though  they  will  all  breed  readily,  and  thrive  even  in  confine- 
ment. The  domestic  Turkey  (^Meimgris  galiopavo)  is  or^oally 
a  native  of  North  America,  where  it  still  occurs  in  a  wild  con- 
dition, having  been  brought  to  Europe  about  the  beginning  of 
the  sixteenth  century.  The  Gmne3t-(o-«\{Numida  Me/eagris)  is 
originally  an  African  bird.  The  common  Pheasant  {Phasiamis 
Cokkiaii),  though  now  regarded  as  an  indigenous  bird,  truly 
belongs  to  Asia,  and  it  is  asserted  that  it  was  really  brought  to 
Europe  from  Colchis  by  the  Greeks ;  hence  its  specific  name. 
The  common  Fowl  is  certainly  not  a  native  of  Europe,  and  it  is 
almost  as  certainly  a  native  of  Asia  or  of  some  of  the  Asiatic 
islands ;  but  its  exact  original  habitat  is  uncertain,  as  is  the 
species  from  which  the  domestic  breeds  ate  descended  (com- 
monly said  to  be  the  Gallus  Bankiva  of  Java).  The  introduc- 
tion of  the  Fowl  into  Europe  is  lost  in  the  mists  of  antiquity, 
and  it  is  wholly  unknown  whence  the  original  stock  may  have 
been  brought.  The  Pea-fowl  {Pavd)  are  really  natives  of 
Thibet  and  Hindostan,  and  were  originally  brought  to  Greece 
by  Alexander  the  Great.  They  were  formerly  much  esteemed 
Bs  food,  but  are  now  regarded  merely  from  an  ornamental 
point  of  view. 

'  In  some  cases  (as  in  llie  Java  Peacock)  the  female  possesses  spurs  as 
well  as  Ihe  male;  and  sometimes  |as  in  Folypleciivn)  there  are  two  or  more 
Epurs  on  each  leg  of  the  male. 

+  The  Guinea-fowl,  Red  Grouse,  Ptarmigan,  and  Partridge  are  mono- 
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The  Megapodida,  or  Mound-birds,  belong  to  India  and  Aus- 
tralia, and  have  very  large  feet  and  long  claws.  They  build 
immense  mounds,  often  six  or  eight  feet  high,  and  twenty  of 
thirty  feet  in  diameter.  They  lay  their  eggs  in  the  centre  of 
these  mounds  at  a  depth  of  two  or  three  feet,  and  leave  them 
to  be  hatched  by  the  heat  produced  by  the  fermentation  of  the 
vegetable  matter  of  the  mass. 

The  Cracidce,  or  Curassows,  are  large  heavy  birds,  belonging 
to  Central  and  South  America,  and  to  a  great  extent  arboreal 
in  their  habits.  The  oest-known  species  is  the  Crested  Curas- 
sow  {Crax  akcior)  of  Mexico  and  Brazil. 


The  second  subnarder  of  the  Rasores  is  that  of  the  Columbaca. 
or  Gentitores,  comprising  the  Doves  and  Pigeons,  and  often 
raised  to  the  rank  of  a  distinct  order  under  the  name  of  Co- 
luinba.  The  Columbacd  are  separated  from  the  more  typical 
members  of  the  Rasores  by  being  furnished  with  strong  wings, 
so  as  to  endow  them  mth  considerable  powers  of  flight.  Jn 
place,  therefore,  of  being  chiefly  ground-birds,  they  are  to  a 
great  extent  arboreal  in  their  habits,  and  in  accordance  with 
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as  the  other  toes,  and  touches  the  ground  ii 
tliey  are  all  monogamous,  and  pair  for  life  ;■  in  consequence 
wliich  fact,  and  of  their  being  readily  susceptible  of  donaestica- 
tion,  they  present  an  enormous  number  of  varieties,  often  so 
different  from  one  another  that  they  would  certainly  be  de- 
scribed as  distinct  species  if  found  in  a  wild  state.  It  seems 
certain,  however,  that  all  the  common  domestic  breeds  of 
Pigeons,  however  unlike  one  another,  are  really  descended  from 
the  Rock-pigeon  (Columba  Uvia),  which  occurs  wild  in  many 
parts  of  Europe,  and  has  retained  its  distinguishing  peculiari- 
ties unaltered  for  many  centuries  up  to  the  present  day. 
Finally,  the  young  of  the  Columbacei  are  born  in  a  naked  and 
helpless  state,  whilst  those  of  the  Gailinacei  are  "  precocious," 
and  can  take  care  of  themselves  from  the  moment  of  their 
liberation  from  the  egg. 

Of  the  various  living  birds  included  in  this  section,  the  true 
Pigeons  {Columbidte)  are  too  well  known  to  require  any  de- 
scription ;  but  the  Ground-pigeons  ifiourida)  depart  to  some 
extent  from  this  type,  being  ground-loving  birds,  more  closely 
allied  to  the  ordinary  Gallinacd.  The  only  other  member  of 
the  sub-order  which  requires  special  notice,  is  the  remarkable 
extinct  bird,  the  Dodo  {Didus  ineptus),  which  seems  certainly 
to  belong  here,  though  its  size  was  gigantic,  and  some  of  its 
characters  very  anomalous.  The  Dodo  may,  properly  speak- 
ing, be  said  to  be  extinct,  since  it  no  longer  occurs  in  a  living 
state ;  but  it  is  not  extinct  in  the  sense  that  geologists  speak  of 
"fossils"  as  extinct;  since  it  has  been  extirpated  by  man  him- 
self within  quite  a  recent  period — in  fact  not  more  than  three 
centuries  ago.  The  Dodo  was  an  inhabitant  of  the.  Island  of 
the  Mauritius  up  to  the  commencement  of  the  seventeenth  cen- 
tury, and  was  a  large  bird,  considerably  over  the  size  of  a  swan. 
All  that  remains  nowadays  to  prove  the  existence  of  the  Dodo 
are  two  or  three  old,  but  apparently  faithful,  oil-paintings,  two 
heads,  a  foot,  and  some  feathers,  to  which  a  few  bones  have 
recently  been  added.  The  Dodo  owed  its  extermination  Kq 
the  fact  that  it  was  unable  to  fly.  The  body  must  have  been 
extremely  weighty,  and  the  wings  were  rudimentary  and  com- 
pletely useless  as  organs  of  flight.  The  legs  were  short  and 
stout,  the  feet  had  four  toes  each,  and  the  tail  was  extremely 
short,  c;irrying,"as  well  as  the  wings,  a  tuft  of  soft  plumes.   The 
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beak  (unlike  that  of  any  of  the  Columbacei  except  the  little 
Didunculus  strigirosiris)  was  strongly  arched  towards  the  end, 
and  the  upper  mandible  had  a  strongly-hooked  apex,  not  at 
all  unlike  that  of  a  bird  of  prey.  The  nearest  living  ally  of 
the  Dodo  appears  to  be  the  little  Didunculus  just  alluded  to, 
which  inhabits  the  Navigator  Islands,  and  is  little  bigger  than 
a  partridge. 

It  is  worthy  of  notice  that  in  the  little  island  of  Rodriguez, 
lying  to  the  east  of  Mauritius,  there  existed  one  large  wingless 
bird,  the  Solitaire  or  Pezophaps,  which  has  likewise  become  ex- 
tinct during  the  human  period.  In  the  Mauntius,  also,  occur 
die  remains  of  the  Apkanapteryx,  a  wingless  bird  believed  to 
have  strong  Grallatorial  affinities,  and  to  have  been  extermi- 
nated by  man.  Other  cases  in  which  wingless  bnds  have  been, 
or  are  being,  exterminated  by  man,  lead  us  to  the  belief  that 
the  absence  of  wings  is  not  compatible  with  the  coexistence  of 
birds  and  human  beings.  In  other  words,  the  sole  protection 
possessed  by  birds  against  the  destructive  propensities  of  man 
is  to  be  found  in  their  power  of  flight. 


CHAPTER  LXIX. 

SCANSORES  AND  INSESSOHES. 

Order  V.  Scansores. — The  order  of  the  Scansorial  or  Climb- 
ing birds  is  easily  and  very  shortly  defined,  having  no  other 
distinctive  and  exclusive  peculiarity  except  the  fact  that  the 
feet  are  provided  with  four  toes,  of  which  two  are  turned  back- 
wards and  two  forwards.  Of  the  two  toes  which  are  directed 
backwards,  one,  of  course,  is  the  hallux  or  proper  hind-toe, 
and  the  other  is  the  outermost  of  the  normal  three  anterior 
toes.  This  arrangement  of  the  toes  (fig.  193,  A)  enables  the 
S(ansores  to  climb  with  unusual  facility.  Their  powers  of 
flight,  on  the  other  hand,  are  generally  only  moderate  and 
below  the  average.  Their  food  consists  of  insects  or  fruit.. 
Their  nests  are  usually  made  in  the  hollows  of  old  trees,  but 
some  of  them  have  the  remarkable  peculiarity  that  they  buiki 
no  nests  of  their  own,  but  deposit  their  eggs  in  the  nests  of 
other  birds.     They  are  all  monogamous. 

The  most  important  families  of  the  Scansores  are  the  Cuckoos 
SCiieuIid^e),  the  Woodpeckers  and  Wry-necks  {Picida),  the  Par- 
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rots  {Psiitaciiia),  tlie  Toucans  {Rhamphastida),  "and  the  Tro- 
gons  {Trogonida). 


The  Cuiuiida,  or  Cuckoos,  are  chiefly  remarkable  for  the  ex- 
traordinary fact  that  many  of  them,  instead  of  nidificating  and 
incubating  for  themselves,  lay  their  eggs  in  the  nests  of  other 
birds.  'The  only  bird  not  belonging  to  this  family  which  has 
the  same  "parasitic"  habit,  is  the  Cow  Bunting  {Molothrus 
pecoris)  of  the  United  States.  As  a  rule,  only  one  egg  is 
deposited  in  each,  nest,  and  the  young  Cuckoo  which  is 
hatched  from  it,  is  brought  up  by  the  foster-parent,  generally 
at  the  expense  of  the  legitimate  offspring.  The  large  Channel- 
bill  {Scythrops  Nwiz-Hollandia)  is  said  to  possess  the  same 
curious  habit,  but  many  species  of  this  group  build  nests  for 
themselves  in  the  ordinary  manner. 

Tlie  second  family  of  the  Scansores  is  that  of  the  Picida,  and 
comprises  the  Woodpeckers  and  Wry-necks.  These  birds  feed 
chiefly  upon  insects,  and  the  tongue  is  extensible,  barbed  at 
the  point,  and  covered  with  a  viscid  secretion,  so  as  to  enable 
them  to  catch  their  prey  by  suddenly  darting  It  out  The  bill 
is  strong  and  wedge-shaped,  and  the  claws  crooked.  The  tail- 
feathers  terminate  in  points,  and  are  unusually  hard  and  stiff, 
assisting  the  bird  in  running  up  the  trunks  of  trees. 

The  next  family  is  that  of  the  Parrots  {Pstttadda),  the 
largest  groiip  of  the  Scansores,  comprising  over  three  hundred 
species.  ■  The  bill  in  the  Parrots  is  laige  and  strong,  and  the 
upper  mandible  is  considerably  longer  than  the  lower  and  is 
hooked  at  its  extremity  (fig.  193,  B).  The  bill  is  used  as  a 
kind  of  third  foot  in  climbing.  At  the  base  of  tlie  upper 
mandible  is  a  "  cere,"  in  which  the  nostrils  are  pierced.  The 
tongue  is  soft  and  fleshy.     The  feet  are  especially  adapted  for 
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climbing,  some,  however,  of  the  Parrots  moving  about  actively 
on  the  ground.  The  colours  of  the  plumage  are  generally  ex- 
tremely  bright  and  gaudy ;  and  they  live  for  the  most  part  upon 


fruits.  The  Psittaddi  ire  distnbuted  throughout  the  tropics, 
and  in  the  southern  hemisj  here  as  fir  south  a  the  =;  2d  parallel. 
They  are  monogamous  and  make  then  nests  m  holes  in  the 
rocks.  Their  natural  loice  is  harsh  and  grating  The  true 
Parrots  (Psiitacus)  are  mostly  mhibitints  of  tropical  America, 
and  their  prevailing  colour  is  green  The  Cockatoos  {Plydolo- 
phus),  the  Love-birds  (A^aJ)  rnti)  and  the  Lonkeets  (Trkho- 
glossus)  belong  to  the  Australian  province  The  Lones  {Lorius) 
inhabit  the  East  (fig  194)  The  true  Macaws  {Araina)  are 
exclusively  American,  and  the  true  Purakeets  {Pe^oferinte) 
are  exclusiveiy  confined  to  the  eastern  hemisphere,  being  espe- 
cially characteristic  of  Australia. 

In  the  next  family  of  the  Scansores  are  the  Toucans  (Rham- 
p/iastida),  characterised  by  having  a  bill  which  is  always  very 
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large,  longer  tlian  the  head,  and  sometimes  of  comparatively 
gigantic  size.  The  mandibles  are,  however,  to  a  very  great 
extent  hollowed  out  into  air-cells,  so  that  the  weight  of  the  bill 
is  much  less  than  would  be  anticipated  from  its  size.  The 
tongue  is  very  long,  notched  at  its  side,  or  feathered  with  deli- 
cate lateral  processes.  The  Toucans  live  chiefly  upon  fruits, 
and  are  all  confined  to  the  hotter  regions  of  South  America, 
frequenting  the  forests  in  considerabJe  flocks. 

The  Trogons  have  short  and  weak  feet,  a  short  triangular 
bill,  tlie  gape  bordered  with  strong  bristles,  and  short  wings. 
The  plumage  is  soft  and  loose,  and  generally  of  the  most  gor- 
geous description.  They  inhabit  the  most  retired  recesses  of 
the  forests  of  the  intertropical  regions  of  both  hemispheres, 
and  show  many  decided  points  of  affinity  to  the  Goat-suckers. 

Order  VI.  Insessores. — ^The  sixth  order  of  Birds  is  that  of 
the  Insessores,  or  Perchers — ofl:en  spoken  of  as  the  Fasscres,  or 
"  Passerine  "  Birds.     They  are  defined  by  Owen  as  follows  : — 

"  Legs  slender,  short,  with  three  toes  before  and  one  behind, 
the  two  external  toes  united  by  a  very  short  membrane  "  (fig. 
195,  A,  B). 

"The  Perchers  form  the  largest  and  by  far  the  most  numer- 
ous order  of  birds,  but  are  the  least  easily  recognisable  by  dis- 
tincrive  characters  common  to  the  whole  group.  Their  feet, 
being  more  especially  adapted  to  the  delicate  labours  of  nidi- 
fication,  have  neither  the  webbed  structure  of  those  of  the 
Swimmers,  nor  the  robust  strength  and  destructive  talons  which 
characterise  the  feet  of  the  Birds  of  Rapine,  nor  yet  the  ex- 
tended toes  which  enable  the  Wadei-  to  walk  safely  over 
marshy  soils  and  tread  lightly  on  the  floating  leaves  of  aquatic 
plants  ;  but  the  toes  are  slender,  flexible,  and  moderately 
elongated,  with  long,  pointed,  and  slightly-curved  claws. 

"The  Perchers  in  general  have  the  females  smaller  and  less 
brilliantly  coloured  than  the  males  ;  they  always  live  in  pairs, 
build  in  trees,  and  display  the  greatest  art  in  the  construction 
of  their  nests.  The  young  are  excluded  in  a  blind  and  naked 
state,  and  wholly  dependent  for  subsistence  during  a  certain 
period  on  parental  care.  The  brain  arrives  in  this  order  at  its 
greatest  proportionate  size ;  the  organ  of  voice  here  attains  its 
greatest  complexity,  and  all  the  characteristics  of  the  bird,  as 
power  of  flight,  melody  of  voice,  and  beauty  of  plumage,  are 
enjoyed  in  the  highest  perfection  by  one  or  other  of  the  groups 
of  this  extensive  and  varied  order." 

The  stmcture  of  the  feet,  then,  gives  the  definition  of  the 
order,  but  the  minor  subdivisions  are  founded  on  the  natiire 
of  the   beak;    this   organ  .varying   in    form   according   to   the 
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:e  of  ihe  food,  "  which  may  be  small  or  young  birds,  car- 
■"'■'"■*^,  fruit,  seeds,  vegetable  juices,  or  of  a  mixed  kind" 


(S»iftX 


In  accordance  with  the  form  of  the  beak,  the  Insessores  have 
been  divided  into  four  great  sections  or  sub-orders,  knon-n  as 
the  Conirostres,  DmHrostres,  Taiuirostres,  and  Fissirostres. 

Sub-order  i.  Conirostres. — In  this  section  of  the  Insasores 
the  beak  is  strong  and  on  the  whole  conical,  broad  at  the  base 
and  tapering  with  considerable  rapidity  to  tiie  apex  (fig.  195, 
C).  The  upper  mandible  is  not  markedly  toothed  at  its  lower 
mai^in.  Good  examples  of  the  Conirostrai  type  of  beak  are 
to  be  found  in  the  common  Sparrow,  Hawfinch,  or  Bullfinch. 
The  greater  number  of  the  Conirostres  are  omnivorous  ;  the 
remainder  are  granivorous,  or  feed  on  seeds  and  grains.  The 
sub-order  includes  the  families  of  the  Horn-bills  {£iiceriilce), 
the  Starlings  {Stumidm),  the  Crows  {Corvidd),  the  Cross-bills 
(^Loxiada),  and  the  Finches  and  Larks  (Fringillida). 

In  the  Horn-bills  the  conirostrai  shape  of  the  beak  is  masked, 
partly  by  its  being  of  very  great  size,  and  partly  by  the  fact 
that  above  the  upper  mandible  is  placed  a  hollow  appendage 
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like  a  kind  of  helmet  Both  the  beak  and  the  appendage 
above  it  are  rendered  light  by  the  presence  of  numerous  air- 
cells.  The  Horn-bills  are  exclusively  confined  to  the  warm 
countries  of  die  eastern  hemisphere,  and  are  the  largest  of  all 
the  Insessoria!  birds,  sometimes  attaining  the  size  of  a  goose. 
They  live  on  fruits,  and  make  their  nests  in  the  holes  of  trees. 
The  best-known  species  is  the  Rhinoceros  Bird  (Buceres  Rhino- 
ceros) of  India  and  the  Indian  Archipelago. 

The  family  of  the  Comida,  or  Crows,  is  an  extremely  exten- 
sive one,  and  includes  a  laige  number  of  very  dissimilar-look- 
ing birds,  all  characterised  by  their  long,  strong,  and  com- 
pressed beaks,  the  tip  of  the  upper  mandible  being  slightly 
hooked  and  more  or  less  notched.  In  this  family  are  the 
Jays  {Garrulitim)  ;  the  true  Crows  or  CorviniE  (comprising  the 
Rooks,  Carrion-crows,  Ravens,  Jackdaws,  Magpie,  Chough, 
&c.),  and  the  Birds  of  Paradise  {Faradiseidte).  These  last 
differ  considerably  from  the  ordinary  ComtdtB,  but  can  hardly 
be  separated  as  a  distinct  family.  They  are  amongst  the  most 
beautiful  of  all  birds,  and  are  entirely  confined  to  New  Guinea 
and  the  neighbouring  islands.  They  feed  upon  insects  and 
fruit,  and  are  largely  deetroyed  for  the  sake  of  their  feathers. 
The  natives  wJio  cajjture  them  usually  cut  off  their  legs ;  hence 
the  notion  formerly  prevailed  that  tlie  Birds  of  Paradise  were 
destitute  of  these  limbs.  It  is  only  the  males  which  possess 
the  brilliant  plumage,  the  females  being  soberly  dressed  j  and 
in  accordance  with  this  fact,  it  is  stated  that  the  Birds  of  Para- 
dise are  polygamous,  being  in  this  respect  an  exception  to 
almost  the  entire  order  of  the  Insessores* 

The  family  of  the  Starlings  {Siurnidm)  is  not  separated  from 
that  of  the  Crows  by  any  important  characters.  Besides  our 
common  Starlings,  it  includes  a  number  of  other  more  or  less 
singular  birds,  of  which  the  Bower-birds  of  Australia  are  per- 
haps the  most  peculiar  These  curious  birds  have  the  habit 
of  building  very  elaborate  bowers,  ofien  very  beautifully  con- 
structed and  of  considerable  size,  in  which  they  amuse  them- 
selves and  ai)[>arently  make  love  to  one  another.  These  bowers 
are  wholly  independent  of  their  nests,  which  they  construct 
elsewhere. 

The  last  family  of  the  Coniroslres  is  that  of  the  Fritigillid^, 
comprising  the  Finches,  Linnets,  and  Larks.  In  these  birds 
the  bill  is  stout  and  conical,  with  a  sharp  apex,  but  not  having 
the  upper  mandible  toothed.  The  toes  are  adapted  for  perch- 
ing, and  are  provided  with  long  and  curved  claws,  that  of 
•  The  Humraing-binls  are  thought  to  be  polygamous,  and  this  is  cer. 
taJnly  tlie  ease  with  (be  WhydaJi  Finch  ( Vidua). 
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the  hlodcr  toe  being  usually  longer  than  the  rest.  They  are 
almost  all  monogamous,  and  they  build  more  or  less  elaborate 
nests.  In  this  family  are  the 
true  Finches  {Fringilla),  the 
Sparrows  {Pyrgtia),  the  Lin- 
nets and  Goldfinches  (Car. 
(iuelis),  the  Whydah  Finches 
( Vidua),  the  Grosbeaks  ( Coc- 
colhraustes),  the  Bullfinches 
(Pyrrhula),  and  many  others, 
iut  their  numbers  are  so  great 
that  any  further  notice  of 
them  is  impossible  here.  It 
may  be  mentioned,  liowever, 
that  the  Finches  of  the  Old 
AVorld  are  represented  in  the 
tro])icai  iiarts  of  America  by  the  Tanagere  (Tanagrtfue),  remark- 
able for  their  brilliant  colours, 

'I'he  only  remaining  members  of  the  Conirostrcs  which 
require  notice  are  the  Cro';';  bills  {Loxiada\  which  are  some 
times  placed  with  the  Finches,  and  sometimes  considcied 
as  a  separate  family  In  these  birds  the  structure  of  the  beak 
is  so  peculiar  that  its  Conirostral  character  is  completely 
masked,  and  it  has  been  looked  upon  as  a  deformity  Both 
mandibles,  namely  cross  one  another  towards  the  tip,  giving 
the  entire  bill  a  most  remarkable  appearance  In  point  oi 
fact,  however,  instead  of  being  a  deformity,  the  bill  of  the 
Cross-bills  is  a  beautiful  natural  adaptation,  enablmg  the  bird 
with  the  greatest  facility  to  tear  m  pieces  the  hard  hr  cones,  on 
the  seeds  of  which  it  feeds 

Sub-order  2  Detttirostrsi  — The  birds  in  this  section  are 
characterised  by  the  fact  that  the  upper  mandible  is  provided 
with  a  distinct  notch  m  its  lower  margin  near  the  tip  (fig  195,  D) 
They  all  feed  chiefi)  upon  insects.  1  his  sub  order  includes  the 
Shrikes  {Laniida),  the  Fly-catchers  (Musdcapida),  the  Thrushes 
{Mentlid(e\  the  Tits  (Parinm),  and  the  Warblers  (Syhnada): 

The  MuscUapida,  including  the  numerous  species  of  Fly- 
catcher, are  the  most  insectivorous  of  the  Detiiirostres.  Tlie 
gape  is  wide  and  bordered  with  bristles,  and  the  legs  are  short 
and  weak.  They  are  mostly  sedentary,  catching  their  prey 
from  a  fixed  point 

The  Shrikes  are  highly  predacious  birds,  which  in  many 
respects  make  a  close  approach  to  the  true  Birds  of  Prey. 
They  feed,  however,  mostly  upon  worms  and  insects,  and  only 
occasionally  destroy  small  birds  or  mice. 
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The  great  family  of  the  Thrushes  (MeruUda)  comprises  not 
only  the  true  Thrushes,  Field-fares,  and  Blackbirds,  but  a 
number  of  exotic  forms,  of  which  the  most  familiar  are  the 
Orioles,  so  well  known  for  their  brilliant  phimage  and  their 
beautifully-constructed  nests. 

In  the  Sylviadm,  amongst  other  forms,  are  the  Wag-tails 
(Motadllinm)  and  the  Pipits  {Anihus),  the  Titmice,  Robins, 
Hedge-sparrow,  Stone-chat,  Redstarts,  and  other  well-known 
British  birds.  The  Titmice  {Pariniz)  are  often  placed  in  the 
sub-order  of  the  Conirostres.  The  Nightingale  also  belongs  to 
this  family. 

Sub-order  3.  Tetiuirostres. — The  members  of  this  sub-order 
are  characterised  by  the  possession  of  a  long  and  slender  beak, 
gradually  tapering  to  a  point  (fig.  195,  E).  The  toes  are  very 
long  and  slender,  the  hind-toe  or  hallux  especially  so.  Most 
of  the  Tenuirostral  birds  live  upon  insects,  and  some  of  these 
present  a  near  resemblance  in  many  of  their  characters  to  the 
Dentirostres,  but  it  is  asserted  that  some  live  partially  or  wholly 
on  the  juice.s  of  flowers. 

The  chief  families  of  the  Tenuirostres  are  the  Creepers 
(Certhidis),  the  Honey-eaters  {MeUpkagidc^,  the  Humming- 
birds (TrochilidcB),  the  Sun-birds  (Promeropida),  -  and  the 
Hoopoes  (Upiipida),  of  which  only  the  Creepers  and  Hum- 
ming-birds need  any  further  notice. 

The  family  Certhidce  includes  several  familiar  British  birds, 
such  as  the  little  brown  Creeper  (Certhia  familiaris),  the 
Nuthatch  {Sitta  Europed),  and  the  Wrens  (Troglodytes).  With 
these  are  a  number  of  exotic  forms,  of  which  the  singular 
Lyre-birds  of  Australia  are  the  most  remarkable. 

The  family  of  the  Trochilida,  or  Humming-birds,  includes  the 
most  fragile  and  brightly  coloured  of  all  the  birds,  some  not 
weighing  more  than  twenty  grains  when  alive,  and  many 
exhibiting  the  most  brilliant  play  of  metallic  colours.  The 
Humming-birds  are  pre-eminently  South  American,  but  extend 
northwards  as  far  even  as  the  southern  portions  of  Canada. 
The  bill  (fig.  rgs,  E)  is  always  very  long  and  slender,  as  are 
the  toes  also.  Tlie  tongue  is  bifid  and  tubular,  and  appears  to 
be  used  either  to  catch  insects  within  the  corollas  of  flowers, 
or  to  suck  up  the  juices  of  the  flowers  themselves.  The  plu- 
mage of  the  males  is  always  brilliant,  with  metallic  reflections, 
that  of  the  female  generally  sombre.  The  legs  are  short  and 
weak,  but  the  wings  are  projiortionately  very  long,  and  the 
flight  is  exceedingly  rapid. 

The  Sun-birds  represent  in  the  Old  World  the  Humming- 
birds of  the  western  hemisphere,  and  the  Australian  Honey- 
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eaters  show  also  many  points  of  resemblance  to  the  Tro- 
chilidm. 

Sub-order  4.  Fissirostres.—ln  this  sub-order  of  the  Inscssores 
the  beak  is  short  but  remarkably  wide  in  its  gape  (fig.  195,  F), 
and  the  opening  of  the  bill  is  fenced  in  by  a  number  of  bristles 
(vidrissa).  This  arrangement  is  in  accordance  with  the  habits 
of  the  Fissirostres,  the  typical  members  of  which  live  upon 
insects  and  take  their  prey  upon  the  wing.  The  most  typical 
Fissirostral  birds,  in  fact,  such  as  the  Swallows  and  Goatsuckers, 
fly  about  with  their  mouths  widely  opened;  and  the  insects 
which  they  catch  in  this  way  are  prevented  from  escaping 
partly  by  the  bristles  whicTi  border  the  gape,  and  partly  by  a 
viscid  saliva  which  covers  the  tongue  and  inside  of  the  moiith. 

The  typical  Fissirostres,  characterised  by  this  structure  of  the 
beak,  comprise  three  families  —  the  Swallows  and  Martins 
{Hirundinida),  tlie  Swifts  {Cypselidis),  and  the  Goat-suckers 
{CaprimuigidtB).  These  three  families  differ  in  many  important 
respects  from  one  another,  but  it  would  be  inconvenient  to 
separate  them  here.  The  Swifts,  especially,  are  remarkable 
for  the  peculiarity  that  whilst  the  hallux  is  present,  it  is  turned 
forwards  along  with  the  three  anterior  toes.  The  Goat-suckers, 
again,  hunt  their  prey  by  night,  and  they  are  provided  with 
the  lai^e  eyes  and  thick  soft  plumage  of  all  nocturnal  birds. 
Besides  the  above,  there  remain  the  tivo  families  of  the  King- 
fishers and  Bee-eaters,  which  are  generally  placed  amongst  the 
Fissiroslres,  though  in  very  many  respects  the  arrangement 
appears  to  be  an  unnatural  one.  These  families  are  charac- 
terised by  their  stronger  and  longer  bills,  and  by  having  the 
external  toe  nearly  as  long  as  the  middle  one,  to  which  it  is 
united  nearly  as  far  as  the  penultimate  joint.  In  consequence 
of  this  peculiar  conformation  of  the  toes,  these  families  were 
united  by  Cuvier  into  a  single  group  under  the  name  of 
SyndMtyli. 

The  Caprinmlgidm  are  intermediate  between  the  Chvls  and 
the  Passerine  Birds.  Their  plumage  is  lax  and  soft,  and  they 
have  a  hawking  flight.  The  eyes  and  ears  are  lai^e,  the  feet 
short  and  weak,  and  the  gape  of  enormous  size  and  bordered 
by  vibrissa.  Amongst  the  more  remarkable  members  of  the 
family  may  be  mentioned  the  Whip-poor-will  {Antrostomm 
vociferiis)  of  North  America,  the  More-pork  {Podargus  Ciivieri) 
of  Australia,  and  the  extraordinary-  Guacharo  Bird  {Sieatoriiis 
Caripensis)  of  the  valley  of  Caripe  in  the  West  Indies. 

The  Bee-eaters  (Meropidte)  live  upon  insects,  chiefly  upon 
various  species  of  bees  and  wasps ;  but  the  King-fishers  live 
'jpon  small  fish,  which  they  capture  by  dashing  into  the  water. 
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Tlie  common  King-fisher  {Alcedo  ispida)  is  a  somewhat  rare 
native  of  Britain,  and  is  perhaps  the  most  beautiful  of  British 
birds.  Some  exotic  King-fishers  are  of  large  size,  and  one  of 
the  most  remarkable  of  thena  is  the  Laughing  Jackass  (Dacelo 
gigas)  of  Australia,  so  called  frona  its  extraordinary  song,  re- 
sembling a  prolonged  hysterical  laugh.  A  very  beautiful  species 
is  the  Belted  King-fisher  (CeryU  alcyoti)  of  North  America. 

The  Bee-eaters  are  found  chiefly  in  the  warmer  regions  of  the 
Old  World,  and  their  place  is  taken  in  America  by  the  Mot- 
mots  (Momotus). 


CHAPTER   LXX. 

RAPTORES  AND  SAURURJE. 

Order  VII.  Rapjores. — ^All  the  members  of  this  order  are 
characterised  by  the  shape  of  the  bill,  which  is  "strong, 
curved,  sharp-edged,  and  sharf^pointed,  often  armed  with  a 
lateral  tooth  "  (Owen).  The  upper  mandible  is  the  longest 
(fig.  197,  B),  and  is  strongly  hooked  at  the  tip.  The  body  is 
very  muscular ;  the  legs  are  robust,  short,  with  three  toes  in 
front  and  one  behind,  all  armed  with  long,  curved,  crooked 
claws  or  talons  (fig.  197,  A);  the  wings  are  commonly  pointed, 


and  of  considerable  size,  and  the  flight  is  usually  rapid  and 
powerful.  The  Birds  of  Rapine  are  monogamous,  and  the 
female  is  larger  than  the  male.  They  build  their  nests  generally 
in  lofly  and  inaccessible  situations,  and  rarely  lay  more  than 
four  eggs,  from  which  the  young  are  liberated  in  a  naked  and 
helpless  condition. 
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The  order  Jiaplores  is  divided  into  tivo  great  sections — the 
Notiurnal  Birds  of  Prey,  which  hunt  by  night,  and  have  the 
eyes  directed  forwards ;  and  the  Diurnal  Raptores,  which 
catch  their  prey  by  day,  and  have  the  eyes  directed  laterally. 

Tlie  section  of  the  Nocturnal  Raptores  includes  the  single 
femily  of  the  Slrigid^e,  or  Owls.  In  these  birds  the  eyes  are 
large,  and  are  directed  forwards.  The  plumage  is  exceedingly 
loose  and  soft,  so  that  their  flight  {even  when  they  are  of  large 
size)  is  almost  noiseless ;  and  it  is  generally  spotted  or  barred  with 
different  shades  of  grey,  brown,  or  yellow.  The  beak  is  short, 
strongly  hooked, furnished  with  bristles  at  its  base,and  having  the 
nostrils  pierced  in  a  membranous  "cere"  at  the  base  of  the  upper 
mandible.  The  cranialbones  are  highly  pneumatic,an<l  the  head 
is  therefore  of  lat^e  size.  The  feathers  of  the  face  usually  form 
\  incomplete  or  complete  "disc"  or  circle  round  each  eye 
198,  B),  and  a  circle  of  plumes  is  likewise  placed  round 


each  external  meatus  auditorius.  Besides  this  auricular  circle 
of  feathers,  the  external  meatus  of  the  ear  is  likewise  protected 
by  a  fold  of  skin.  The  legs  are  short  and  strong,  and  are  fur- 
nished with  four  toes,  all  armed  with  strong  crooked  talons. 
The  outer  toe  can  be  turned  backwards,  so  that  the  foot  has 
some  resemblance  to  that  of  the  Scansores.  The  tarso-racta- 
tarsus  is  densely  feathered  (fig.  198,  A),  and  the  plumes  some- 
times extend  to  the  extremities  of  the  toes.  The  cesophagus  is 
not  dilated  into  a  crop ;  and  the  ind^estible  portions  of  the  food 
are  rejected  by  regurgitation  from  the  stomach  in  the  form  of 
smail  pellets.  The  Owls  hunt  their  prey  in  the  twilight  or  on 
moonlight  nights,  and  they  live  mostly  upon  field-mice  and 
small  birds,  though  they  will  also  eat  insects  or  frogs. 
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The  section  of  the  Diurnal Raptores  includes  the  two  groups 
of  the  AicipUrinm  (Falcons,  Hawks,  and  Eagles),  and  the  Vul- 
Uiridm,  or  Vultures.  The  eyes  in  this  section  are  much  smaller 
than  in  the  preceding,  and  are  placed  laterally ;  and  the  plu- 
mage is  not  soft,  hs  regards  their  power  of  flight,  they  show 
a  decided  advance  upon  the  Nocturnal  Bird.s  of  Prey.  The 
wirgs  ire  long  and  pointed;  the  sternal  keel  and  pectoral 
muscles  are  greatly  developed  ;  and  many  of  the  members  of 
this  section  exhibit  a  more  rapid  power  of  locomotion  than  is 
seen  in  any  other  division  of  the  animal  kingdom.  The  bill  is 
Ion?  and  strong,  with  a  large  "cere"  at  the  base  of  the  upper 
mandible,  in  which  the  nostrils  are  pierced.  The  tarso-meta- 
tarsus  and  toes  are  usually  covered  by  scales,  and  are  rarely 
feathered.  Lastly,  the  oesophagus  is  dilated  into  a  capacious 
crop,  the  gizzard  is  thin,  the  intestinal  cseca  are  rudimentary, 
and  the  intestinal  canal  is  generally  short  and  wide. 

In  the  Aceipitrina  or  Falcmida  (fig.  197,  B)  the  head  and 
neck  are  always  clothed  with  feathers,  ajid  the  eyes  are  more 
or  less  sunk  in  the  head,  and  provided  with  a  superciliary  ridge 
or  eyebrow.  It  is  to  a  great  extent  to  the  presence  of  this 
ridge  that  many  of  these  birds  owe  their  fearless  and  bold  ex- 
pression. In  this  family  are  the  Falcons,  Hawks,  Buzzards, 
Kites,  Harriers,  and  Eagles,  most  of  which  are  so  well  known 
that  any  description  is  unnecessary. 


[Neffphjvfi  pttxmpttnt^ 


In  the  VuUuridm  (fig.  199)  the  eyes  are  destitute  of  an  eye- 
brow, and  the  head  and  neck  are  frequently  naked,  or  covered 
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only  by  a  short  down.  In  this  family  are  the  Bemdiid  Vul- 
tures, the  true  Vultures,  and  the  Condor. 

The  Bearded  Vulture,  or  Lammet^eyer  {Gypaetos  barbatus), 
is  die  largest  of  European  birds,  measuring  frora  nine  to  ten 
feet  from  the  tip  of  one  wing  to  that  of  the  other.  This  power- 
ful and  rapacious  bird  inhabits  the  mountain -ranges  of  the 
south  of  Europe  and  the  west  of  Asia,  and  feeds  chiefly  on 
goats,  lambs,  and  deer,  which  it  kills  by  precipitating  down 
steep  declivities.  It  is  distinguished  from  the  true  Vultures  by 
the  fact  that  the  head  and  neck  are  feathered. 

The  true  Vultures  have  the  head,  and  generally  the  neck 
also,  naked,  or  covered  with  down.  They  are  filthy  and  dis- 
gusting birds,  which  live  almost  entirely  upon  carrion,  a  pecu- 
liarity which  renders  t^em  of  great  service  in  hot  climates. 

The  Secretary  Vultures  {Serpmtarius)  are  distinguished  by 
their  very  long  and  slender  legs,  unfeathered  tarso-metatarsus, 
and  long  wings  armed  with  blunt  spines.  They  are  found  in 
Africa  and  the  Philippine  Islands,  and  live  upon  Serpents  and 
other  Reptiles. 

The  last  member  of  this  section  is  the  gigantic  Condor 
(Sarcorhampus  ^ryphus).  This  enormous  bird  has  a  stretch  of 
wing  of  over  fourteen  feet,  and  is  usually  seen  soaring  in  ma- 
jestic circles  at  a  great  elevation  in  the  air,  rising,  it  is  said, 
to  a  height  of  over  twenty  thousand  feet.  It  inhabits  the  lofty 
mountain-ranges  of  the  Andes,  and  lays  its  eggs  at  a  height  of 
from  ten  to  fifteen  thousand  feet.  It  differs  from  the  Vultures 
of  the  Old  World  chiefiy  in  possessing  a  large  fleshy  protuber- 
ance or  caruncle  above  the  base  of  the  beak. 
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Order  VIII.  Sauror^  —  This  order  includes  only  the 
extinct  bird,  the  Archmopteryx  macrura,  a  single  specimen  of 
which — and  that  but  a  fragmentary  one^has  been  discovered 
in  the  Lithographic  Slates  of  Solenhofen  (Upper  Oolites). 
This  extraordinary  bird  appears  to  have  been  about  as  big  as  a 
Rook ;  but  it  differs  from  all  known  birds  in  having  two  free 
claws  belonging  to  the  wing,  and  in  having  a  long  lizard-like 
tail,  longer  than  the  body,  and  composed  of  separate  vertebrEe. 
The  tail  was  destitute  of  any  ploughshare-bone,  and  each  ver- 
tebra carried  a  single  pair  of  quills.  The  metacarpal  bones, 
also,  were  not  anchyloscd  together  as  they  are  in  ail  other 
known  birds,  living  or  extinct. 


CHAPTER    LXXI. 

DISTRIBUTION  OF  A  VES  IN  TIME, 

Ks,  regards  the  geological  distribution  of  Birds,  there  are  many 
reasons  why  we  should  be  cautious  in  reasoning  upon  merely 
negative  evidence,  and  more  than  ordinarily  careful  not  to 
infer  the  non-existence  of  birds  during  any  particular  geological 
epoch,  simply  because  we  can  find  no  positive  evidence  for 
their  presence.  As  Sir  Charles  Lyell  has  well  remarked,  "  the 
powers  of  flight  possessed  by  most  birds  would  insure  them 
against  perishing  by  numerous  casualties  to  which  quadrupeds 
are  exposed  during  floods;"  and  "ifthey  chance  to  be  drowned, 
or  to  die  when  swimming  on  water,  it  will  scarcely  ever  happen 
that  they  will  be  submerged  so  as  to  become  preserved  in 
sedimentary  deposits,"  since,  from  the  lightness  of  the  bones, 
the  carcass  would  remain  long  afloat,  and  would  be  liable  to 
be  devoured  by  predacious  animals.  As,  with  a  few  utterly 
trivial  exceptions,  all  the  deposits  in  which  fossils  are  found 
have  been  laid  down  in  water,  and  more  especially  as  they  are 
for  the  most  part  marine,  these  considerations  put  forward  by 
Sir  Charles  Lyell  afford  obvious  ground  against  the  anticipa- 
tion that  the  remains  of  birds  should  be  either  of  frequent 
occurrence  or  of  a  perfect  character  in  any  of  the  fossiliferous 
rocks.  In  accordance  with  these  considerations,  as  a  matter 
of  fact,  most'  of  the  Isnown  remains  of  birds  are  either  frag- 
mentary or  belong  to  forms  which  were  organised  to  live  a  ter- 
restrial life,  and  were  not  organised  for  flight. 

The  earliest  remains  which  have  been  generally  referred  to 
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birds  are  in  the  form  of  footprints  impressed  tipon  certain 
sandstones  in  the  valley  of  the ,  Connecticut  River  in  the 
United  States.  These  sandstones  are  almost  certainly  Trias- 
sic ;  and  if  the  ornithic  character  of  these  footprints  be  ad- 
mitted, then  Birds  date  their  existence  from  the  commence- 
ment of  the  Mesozoic  period,  and,  for  anything  we  know 
to  the  contrary,  may  have  existed  during  the  Palseozoic 
epoch. 

The  evidence  as  to  the  ornithic  character  of  the  footprints 
in  the  American  Trias  is  as  follows  : — 

Firstly,  The  tracks  are,  beyond  all  question,  those  of  a  biped 
— that  is  to  say,  of  an  animal  which  walked  upon  two  legs. 
No  living  animals  walk  habitually  upon  two  legs  except  Man 
and  Birds,  and  therefore  there  is  a  prtmd  facie  presumption 
that  the  authors  of  these  prints  were  birds. 

Secondly,  The  impressions  are  mostly  tridactylous — that  is 
to  say,  fonned  by  an  animal  with  three  toes  on  each  foot,  as  is 
the  case  in  many  Waders  and  most  Cursorial  birds. 

Thirdly,  The  impressions  of  the  toes  shoiv  the  same  numeri- 
cal progression  in  the  number  of  phalanges  as  exists  in  living 
birds — that  is  to  say,  the  innermost  of  the  anterior  toes  has 
three  phalanges,  the  middle  one  has  four,  and  the  outermost 
toe  has  five  phalanges. 

Taking  this  evidence  collectively,  it  would  have  seemed,  till 
lately,  tolerably  certain  that  these  impressions  were  formed  by 
Birds.  We  must  not,  however,  lose  sight  of  the  possibility 
that  these  impressions  may  have  been  formed  by  Reptiles 
more  bird-like  in  their  characters  than  any  of  the  living  forms 
with  which  we  are  acquainted.  The  recent  researches  of 
Huxley,  Cope,  and  others,  go  to  show  tliat  the  Dinosaurian 
Reptiles  possessed  the  power  of  walking  temporarily  or  per- 
manently on  the  hind-legs,  and  many  curious  affinities  to  the 
true  Birds  have  been  pointed  out.  It  is  therefore  by  no  means 
impossible  that  these  footprints  of  the  Connecticut  valley  are 
truly  Reptilian.* 

The  size  and  other  characters  of  the  above-mentioned  im- 
pressions vary  much,  and  they  have  certainly  been  produced 
by  several  different  animals.  In  the  largest  hitherto  discov- 
ered, each  footprint  is  twenty-two  inches  long,  and  twelve 
inches  wide,  showing  that  the  feet  were  four  times  as  large  as 
those  of  the  African  Ostrich.     The  animal,  therefore,  which 

*  The  occurrence  of  many /oBr-iij«/ impressions  on  tliese  same  smidsfoiies, 
■nd  tlie  further  discovery  of.ihe  bones  of  Dinosaurian  Kqitiles  in  the  same 
beds,  have  rendered  the  Reptilian  nature  of  tliese  footprints  almost  certain; 
but  some  may  possibly  have  been  formed  tiy  Birds. 
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produced  these  imprebsions^ whether  \viaii  or  Reptilian — 
must  have  been  of  gigantic  size 

fhe  first  unmistak.able  rema  ns  of  a  bird  have  been  found 
m  the  Solenhofen  Slates  of  Bivana,  of  the  age  of  the  Upper 
Oohtes  A  single  unique  specimen,  consisting  of  bones  and 
feathers,  but  unfortunately  without  the  skull,  is  all  that  has 
hitherto  been  discovered  and  it  has  been  named  the  ArcAm- 
optetyx  ntaaura  I  he  characters  of  this  s  ngular  and  aberrant 
bird,  which  alone  constitutes  the  order  Saururte,  have  been 
already  given,  and  need  not  be  repeated  here. 

Other  doubtful  remains  of  birds  have  been  alleged  to  occur 
in  the  Mesozoic  series,  but  many  of  these  certainly  belong  in 
reality  to  Pterodactyles.  In  the  Cretaceous  rocks:,  however,  of 
the  United  States,  occur  the  bones  of  several  Wading  Birds 
{Zaornis,  Telmafornis,  and  Palwolringa). 

In  the  Tertiary  rocks,  however,  there  are,  comparatively 
speaking,  many  remains  of  birds.  In  the  Eocene  rocks  of 
France  has  been  found  a  large  bird,  as  big  as  an  Ostrich,  the 
so-called  Gasiomis  Parisiensis;  and  in  England,  in  the  same 
formation,  we  have  a  small  Vulture  {Lithornis  vulturinus),  and 
a  King-fisher  (Halcyornis  toliapicus).  In  the  Eocene  of  Claris, 
in  Switzerland,  occurs  also  the  oldest  known  Insessorial  or 
Passerine  bird,  the  Protornis  Glarisimsis,  which  was  about  as 
big  as  a  lark. 

Numerous  remains  of  birds  have  likewise  been  found  in  the 
Miocene  and  Pliocene  deposits.  Amongst  these  we  have 
Parrots,  Trogons,  Secretary  Birds,  Petrels,  Cranes,  Guille- 
mots, &c.  With  the  exception,  however,  of  the  Mesozoic 
Archaopteryx,  by  far  the  most  remarkable  remains  of  birds 
have  been  found  in  the  Post-tertiary  or  Pleistocene  deposits. 
All  the  remams  now  alluded  to  are  those  of  gigantic  wingless 
birds;  and  it  is  worthy  of  notice  that  they  are  exclusively 
found  in  regions  now  tenanted  by  smaller  wingless  birds, 
whilst  there  is  reason  fo  believe  that  some  of  them  have  been 
in  existence  diiring  the  human  period.  Most  of  the  remains 
in  question  have  been  found  in  New  Zealand,  where  there 
have  been  obtained  the  bones  of  several  species  of  large  wing- 
less birds,  referred  by  Owen  to  the  genera  Dinornis,  Palap- 
teryx,  and  Aptomts.  The  Dinornis  giganlet(s  must  have  been 
one  of  the  most  gigantic  of  the  whole  class  of  birds,  the  tibia 
measuring  upwards  of  a  yard  in  length,  and  the  skeleton  indi- 
cating a  bird  which  stood  at  least  ten  feet  in  height.  In 
another  species,  the  Dinornis  ekphantopus,  the  "  framework  of 
the  skeleton  is  the  most  massive  of  any  in  the  whole  class  of 
birds,"  and  "  the  toe-bones  almost  rival  those  of  the  Elephant" 
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(Owen).  The  feet  were  furnished  with  three  anterior  toes, 
and  are  of  interest  as  presenting  us  with  an  \indoubted  bird 
big  enough  to  produce  the  largest  of  the  footprints  of  the 
Triassic  Sandstones  of  Connecticut.  There  is  reason  to  be- 
lieve from  the  traditions  of  the  Maories  that  the  Dinornis  was 
living  at  no  very  remote  period,  and  that  it  has  been  exter- 
minated by  man. 

In  Madagascar,  bones  have  been  discovered  of  a  bird  as 
large  as,  or  larger  than,  the  Dmomis  giganieus,  which  has  been 
described  under  the  name  of  the  ^piornis  maximus.  With 
the  bones  have  been  found  eggs  measuring  from  thirteen  to 
fourteen  inches  in  diameter,  and  computed  to  be  as  big  as 
three  ostrich-eggs,  or  one  hundred  and  forty-eight  hens'  eggs. 
Unlike  New  Zealand,  where  there  is  the  Apteryx,  Madagascar 
itself  has  no  living  wingless  birds ;  but  in  the  neighbouring 
island  of  Mauritius,  the  Dodo  has  been  exterminated  less  than 
three  hundred  years  ago;  and  the  httle  island  of  Rodriguez,  in 
the  same  geographical  province,  has  in  a  similar  period  lost 
the  wingless  Solitaire  {Pesophap\, 
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CHAPTER    LXXII. 

General  Characters  of  the  Mammalia. 

The  last  and  highest  class  of  the  Vertebrata,  that-of  the  Mam- 
titaiia,  may  be  shortly  defined  as  including  Vertebrate  animals 
in  which  some-part  or  other  of  the  integument  is  always  provtdea 
with  hairs  at  some  time  of  life;  and  tfie  young  are  nourished,  for 
a  longer  or  shorter  time,  by  means  of  a  special  fluid — the  milk — 
secreted  by  special  glands — the  mammary  glands.  These  two 
characters  are  of  themselves  suflScient  broadly  to  separate  the 
Mammals  from  all  other  classes  of  the  Vertebrate  sub-king- 
dom. In  addition,  however,  to  these  two  leading  peculiarities, 
the  Mammals  exhibit  the  following  other  characters  of  scarcely 
less  importance  :— 

T.  The  skull  articulates  with  the  vertebral  column  by  means 
of  a  double  articulation,  the  occipital  bone  carrying  two  con- 
dyles, in  place  of  the  single  condyle  of  the  Reptiles  and  Birds. 

2.  The  lower  jaw  or  mandible  consists  of  two  halves  or 
rami,  united  anteriorly  by  a  symphysis,  but  not  necessarily 
anchylosed ;  but  these  are  eaclf  composed  of  a  single  piece, 
instead  of  being  complex  and  consisting  of  sei'eral  pieces,  as 
in  the  Reptiles  and  Birds.  Further,  the  lower  jaw  always 
articulates  directly  with  the  squamosal  element  of  the  skull; 
and  is  never  united  to  an  Os  quadratum,  as  in  the  Sauropsida. 

3.  The  two  hemispheres  of  the  cerebral  mass,  or  brain  proper, 
are  united  together  by  a  more  or  less  extensively  developed 
"  corpus  callosum  "  or  commissure. 

4.  The  heart  consists — -as  in  Birds— of  four  cavities  or 
chambers,  two  auricles  and  two  ventricles.  The  right  and  left 
sides  of  the  heart  are  completely  separated  from  one  another, 
and  there  is  no  communication' between  the  pulmonary  and 
systemic  circulations.  I'he  red  blood- corpuscles  are  non- 
micleated,  and,  with  the  exception  of  the  Caiiidtdie,  they  are 
circular  biconcave  discs.  There  is  only  one  aorta— the  left — 
which  turns  over  the  left  bronchus^  and  not  over  the  right,  as 
it  does  in  Birds. 
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g.  The  cavities  of  the  thorax  and  abdomen  are  completely 
separated  from  one  another  by  a  muscular  partition — the  dia- 
phragm or  midriff. 

6.  The  respiratory  organs  are  in  the  form  of  two  lungs 
placed  in  the  thorax,  but  none  of  the  bronchi  end  in  air-rece]i- 
tacles,  distributed  through  the  body,  as  in  Birds. 

7.  The  embryo  mammal  is  invariably  enveloped  in  an  am- 
nion, and  an  allantois  is  never  wanting.  The  allantois,  how- 
ever, either  disappears  at  an  early  period  of  life,  or  it  develops 
the  structure  known  as  the  "  placenta."  The  placenta  is  a 
vascular  oi^an  which  serves  as  a  means  of  communication 
between  the  parent  and  the  fcetiis,  but  it  will  be  noticed  more 
particularly  hereafier, 

S.  In  no  Mammal  do  the  visceral  arches  and  clefts  of  the 
embryo  ever  carry  branchise,  as  they  do  in  the  Fishes  and 
Amphibians. 

These  are  the  essential  characters  which  distinguish  the 
Mammalia  as  a  class,  but  it  will  be  necessary  to  consider  these, 
and  some  other  points,  in  a  more  detailed  manner. 

In  the  first  place,  with  regard  to  the  osteology  of  the  Mam- 
mals, the  following  points  should  be  noticed  :— 

With  the  exception  of  the  Whales  and  Dolphins  {Cetacea), 
and  the  Dugongs  and  Manatees  {Sirenia),  the  vertebral  column 
is  divisible  into  the  same  regions  as  in  man — namely,  into  a 
cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coccygeal  region 
(see  fig.  126).  In  the  Cetacea  and  Sirenia  the  dorsal  region 
of  the  spine  is  followed  by  a  number  of  vertebrse  which  com- 
pose the  hinder  extremity  of  the  body,  but  which  cannot  be 
separated  into  lumbar,  sacral,- and  cauda!  vertebra. 

In  spite  of  the  great  difference  which  is  observable  in  the 
length  of  the  neck  in  different  Mammals,  the  number  of 
vertebrte  in  the  cervical  region  is  extraordinarily  constant, 
being  almost  invariably  seven,  as  in  man.  In  this  respect 
there  is  no  difference  between  the  Whale  and  the  Giraffe. 
The  only  exceptions  to  tjiis  law  are  the  Manatus  anstralis, 
one  of  the  Sea-cows,  which  has  usually  six  cervical  vertebrte, 
and  the  three-toed  Sloth  {Bradypus  tridadylus),  which  is  com- 
monly regarded  as  possessing  nine,  though  competent  anato- 
mists would  reftr  the  posterior  two  of  these  to  the  dorsal 
region. 

The  dorsal  vertebrEe  are  mostly  thirteen  in  number,  but  tJicy 
vary  from  ten  to  twenty-four.  In  Man  there  are  twelve,  in  one 
of  the  Armadillos  only  ten,  and  in  the  three-fingered  Slotli  the 
maximum  is  attained.  The  lumbar  vertebrse  are  usually  six 
or  seven  in  number,  rarely  fewer  than  four.     In  Man  they  are 
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five  in  number,  and  they  are  reduced  to  two  in  tlie  two-toed 
Sloth,  one  of  the  Ant-eaters,  and  the  Duck-mole. 

The  first  vertebra,  or  atlas,  always  bears  two  articular  cavi- 
ties ior  the  reception  of  the  two  condyles  of  the  occipital  bone ; 
and  the  second  vertebra,  or  a  is  Uy  h  "odontoid" 

process  on  which  the  head  In    h    tru     Vhales,  how- 

ever, in  which  the  cervical  bre  h  1      d  together 

to  a  greater  or  less  extent,       d    h  k  ovable,  the 

odontoid  process  is  also  w     tmg 

In  almost  all  Mammals  h     pn        p  f  the  dorsal 

vertebra  are  very  largely  d         p  d  f      h  hment  of  the 

structure  which  is  known  as  the  hgamenium  nucha.  •  This  is  a 
great  band  of  elastic  fibrous  tissue,  which  is  attached  in  front 
to  the  occipital  bone  and  spinous  processes  of  the  cervical 
vertebrse,  and  which  relieves  the  muscles  of  the  task  of  support- 
ing the  head,  in  those  Mammals  which  progress  with  the  body 
in  a  horizontal  position.  The  development  of  the  Hgamenium 
nitchm  is  consequently,  as  a  rule,  proportionate  to  the  size 
of  the  head  and  the  length  of  the  neck.  In  Whales  no  such 
■ipparalus  is  necessiry  owing  to  the  fixation  of  the  cervical 
vertebre  by  -tnchjlobis  and  in  Man,  who  walks  erect,  the 
li^^amfnitim  niijim  cin  liardly  be  said  to  exist  as  a  distinct 
structure,  being  merelj  represented  by  a  band  of  fascia. 

The  number  of  lumbar  and  sactal  vertebrse,  as  we  have  seen, 
\  aries  m  different  Mammals  ;  but  ordinarily  some  of  the  verte- 
brfe  are  anchylosed  into  a  single  bone,  and  have  the  iliac  bones 
abutting  against  them,  thus  constituting  the  "  sacrum"  of 
human  anatomists  la  the  Celacea  and  Sirenia,  in  which  the 
hind  limbs  are  wanting,  ^nd  the  pelvis  rudimentary,  there  is  no 

The  thoracic  cavity  or  chestin  Mammals  is  always  enclosed 
by  a  series  of  ribs,  the  number  of  which  varies  with  that  of  the 
dorsal  vertebrse.  In  most  cases  each  rib  articulates  by  its 
head  with  the  bodies  of  two  vertebra?,  and  by  its  tubercle  with 
the  transverse  process  of  one  of  these  vertebrte  (the  lower  one). 
In  the  Momtremata  (e.g.,  the  Duck-mole),  the  ribs  articulate 
with  the  body  of  the  vertebra  only ;  and  in  the  Whales,  the 
hinderroost  of  the  ribs,  or  all  of  them,  articulate  with  the  trans- 
verse processes  only,  and  not  with  the  centra  at  all. 

There  are  usually  no  bony  pieces  uniting  the  ribs  with  the 
sternum  or  breast-hone  in  front,  as  in  Birds  ;  but  the  so-called 
"sternal  rihs"  o{  Aves  are  represented  by  the  "costal  carti- 
lages" of  the  Mammals.  In  some  cases,  however,  the  carti- 
lages of  the  ribs  do  become  ossified  and  constitute  sternal  ribs. 
Sometimes,  as  in  the  Armadillos,  there  is  a  joint  between  the 
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vertebral  rib  and  costal  cartilage.  More  rarely,  as  in  the 
Monotremes,  an  intermediate  piece  is  found  between  the  verte- 
bral and  costal  portions  of  the  rib.  Only  the  anterior  ribs 
reach  the  sternum,  and  these  are  called  the  "  true  "  ribs ;  the 
posterior  ribs,  which  fall  short  of  the  breast  bone,  being  known 
as  the  "  false  "  ribs. 

The  sternum  or  breast-bone  is  formed  of  several  pieces  placed 
one  behind  the  other,  but  usually  anchylosed  together  to  form 
a  single  bone.  It  is  placed  upon  the  ventral  surface  of  the 
body,  and  is  united  with  the  vertebral  column  by  the  ribs  and 
their  cartilages.  It  is  generally  a  long  and  narrow  bone,  'but 
in  the  Cetdcea  it  is  broad.  It  is  only  in  some  burrowing  ani- 
mals (such  as  the  Moles)  and  in  the  true  flying  Mammals  (the 
Bats),  that  the  sternum  is  provided  with  any  ridge  or  keel  for 
the  attachment  of  the  pectoral  muscles,  as  it  is  in  Birds.  The 
sternum  is  primitively  composed  of  three  pieces,  an  anterior 
piece  or  presternum,  a  middle  piece  or  tnesosternum,  and  a 
posterior  piece  or  xiphisternum.  The  prsesternum  is  the 
"nianubrium  sterni"  of  human  anatomy,  and  is  the  portion  of 
the  sternum  which  lies  in  front  of  the  attachment  of  the  second 
pair  of  ribs.  All  the  other  ribs  are  connected  with  the  meso- 
stemum.  The  xiphisternum  is  the  "xiphoid  cartilage"  of 
human  anatomy,  and  it  commonly  remains  throughout  life 
more  or  less  unossified.  In  the  Monotremes  there  is  a  T- 
shaped  bone  above  or  in  front  of  the  prEesternura,  but  this  is 
probably  to  be  regarded  as  belonging  to  the  shoulder-girdle, 
and  as  representing  the  "cpistemum"  or  "  interclavicle "  of 
the  Reptiles. 

The  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior  j  and  hence  they  are  often  spoken 
of  as  "  quadrupeds,"  though  all  the  limbs  are  not  universally 
present,  and  other  animals  have  four  limbs  as  well.  The  ante- 
rior iimbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Cetacea  and  Sirmia. 

As  regards  the  structure  of  the  anterior  timb,  the  chief  points 
to  be  noticed  concern  the  means  by  which  it  is  connected  with 
the  trunk.  The  scapula  or  shoulder-blade  is  never  absent,  and 
it  is  in  the  form  of  a  broad  flat  bone,  applied  to  the  outei' 
aspect  of  the  ribs^  and  much  more  developed  than  in  the  Birds. 
The  coracoid  bone,  which  forms  such  a  marked  feature  in  il::: 
scapular  arch  oi  Aves,  is  fused  vnth  the  scapula,  and  only  artic- 
ulates with  the  sternum  in  the  Duck-mole  and  Echidna  {Moiio- 
tremata).  In  all  other  Mammals  the  coracoid  forms  merely  a 
process  of  the  scapula,  and  does  not  reach  the  top  of  the  breast- 
bone.    The  collar-bones  or  clavicles  never  unite  in  any  Mam- 
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mal  to  form  a  "  furculum,"  as  in  Birds  ;  but  in  the  Monotremes 
they  unite  with  an  "  interclavicle  "  placed  in  front  of  the  ster- 
num. The  clavicles,  in  point  of  fact,  are  not  present  in  a  well- 
developed  form  in  any  Mammals  except  in  those  which  use  the 
anterior  limbs  in  Sight,  in  digging,  or  in  prehension.  The 
Cetacea,  the  Hoofed  Quadrupeds  (Ungulata),  and  some  of  the 
EdefUdta,  have  no  clavicles.  '  Most  of  the  Camivora  and  some 
Rodents  possess  a  clavicle,  but  this  is  imperfect,  and  does  not 
articulate  with  the  top  of  the  sternum.  The  Insectivorous 
Mammals,  many  of  the  Rodents,  the  Bats,  and  all  the  Quadru- 
mana,  have  (with  man)  a  perfect  clavicle  articulating  with  the 
anterior  end  of  the  sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  (pracAium),  is 
never  wanting,  but  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles.  In 
many  Mammals,  as  in  the  Monkeys,  and  Felida  (constituting 
the  most  typical  group  of  the  Camivora),  the  median  nerve  and 
brachial  or  ulnar  artery  are  protected  on  their  way  down  the 
arm  by  a  canal  placed  a  little  above  the  elbow,  and  formed  by 
a  process — the  "  supra-con dyloid  "  process^which  is  some- 
times present  in  man  as  an  abnormality. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are  re- 
cognisable, but  they  are  not  necessarily  distinct;  and  the  radius, 
as  being  the  bone  which  mainly  supports  the  hand,  is  the  only 
one'which  is  always  well  developed,  the  ulna  being  often  rudi- 
mentary. In  the  Cetacea  the  ulna-  and  radius  are  anchylosed 
together;  and  in  most  of  the  Hoofed  Quadrupeds  they  are 
anchylosed  towards  their  distal  extremities.  In  the  flying 
Mammals  or  Bats  alone  is  the  ulna  ever  altogether  absent 
The  fore-arm  attains  its  greatest  perfection  in  man,  in  whom 
the  radius  can  rotate  upon  the  ulna,  so  as  to  allow  the  back  of 
the  hand  to  be  placed  upwards  or  downwards,  these  movements 
being  known  respectively  as  "pronation"  and  "supination." 
In  the  Monkeys  only  is  there  any  approach  to  this  power  of 
rotation. 

The  fore-arm  is  succeeded  by  the  small  bones  which  com- 
pose the  wrist  or  "carpus."  These  are  eight  in  number  in 
man,  but  vary  in  different  Mammals  from  five  to  eleven. 

The  metacarpus  in  man  and  in  most  Mammals  consists  of 
five  cylindrical  bones,  articulating  proximally  with  the  carpus, 
and  distally  with  the  phalanges  of  the  fingers.  The  most  re- 
markable modification  of  this  normal  state  of  things  occurs  in 
the  Ruminants  and  in  the  Horse.  In  the  Ruminants,  in  which 
the  foot  is  cleft,  and  consists  of  two  toes  only,  there  are  two 
metacarpal  bones  in  the  embryo  ;  but  these  are  anchylosed  to- 
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gether  in  the  adult ;  and  form  a  single  mass  which  is  known 
as  the  "canon-bone"  (fig,  201,  ra).  In  the  Horse,  in  wliich  the 
foot  consists  of  no  more  than  a  single  digit,  there  is  only  a 
single  metacarpal  bone,  on  each  side  of  which  are  two  little  bony 
spines^ the  so-calied  "splint- 
bones" —  which  are  attached 
superiorly  to  the  carpus. '  These 
are  to  be  regarded  as  nidimen- 
tarymefacarpalsj  butbyCuvier 
they  were  looked  upon  as  im- 
perfect fingers.  In  most  of  the 
other  Ungulates  there  are  at 
least  three  metacarpals,  and  in 
the  Elephants  there  are  five. 

The  normal  number  of  digits 
is  five,  but  they  vary  from  one 
to  five.  The  middle  finger  is 
the  longest  and  most  persistent 
of  the  digits  of  the  fore-hmb ; 
and  in  the  Hotse  it  is  the  only 
one  which  is  left  {fig.  301,  A). 
The  thumb  is  very  frequently 
absent.  In  the  Ruminants  there 
are  only  two  fingers  which  are 
functionally  useful,  these  carry- 
ing the  hoofs.  In  most  Rumi- 
g  nants,  however,  there  are  two 

rudimentary  and  functionally 
*^'^ki^?cr""'''V(  ■Mitui'tont-' «  useless  digits  in  addition. 
Spi[n^i»ne! 'oF^'phaianL^t ""^t  Normally  each  digit  has  three 
^S:i-/fc'per«"cX;!  phalanges,  except  the  thumb, 
bone."  B,  rore-Umb  of  a  Dter;  r  which  has  only  two.  In  the 
i^i^S^t"^  "  c^oD-bo«; ,  Whales  and  Dolphins  (Cetavea), 
in  which  the  anterior  limbs  form 
swimming-paddles,  very  like  those  of  the  IcMiyosaunis  and 
Pksiosavnis,  the  phalanges  are  considerably  increased  in 
number  as  they  are  in  those  Reptiles.  In  all  the  Mammalia, 
too,  except  the  Cetacea,  it  is  the  rule  that  the  terminal  phalanx 
in  each  digit  should  carry  a  nail,  claw,  or  hoof. 

The  power  of  opposing  the  thumb  to  the  other  digits  of  the 
hand  is  found  only  in  Man,  and  in  a  considerable  number  of 
the  Quadrumaim,  but  never  so  perfectly  developed  as  in  Man. 
In  Man  only  does  this  power  attain  its  full  perfection,  and  it 
constitutes  one  of  the  most  striking  of  the  merely  anatomical 
peculiarities  by  which  Man  is  separated  from  the  Monkeys. 
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As,  however,  this  feature  is  purely  adaptive,  and  is  really  to  he 
regarded  as  of  extremely  small  physiological  value,  we  ought 
to  Icam  from  this  that  the  difference  between  Man  and  tlie 
Qitadrumana  is  to  be  sought  in  the  rfiental  powers  of  each,  and 
not  in  any  merely  structural  character. 

Whilst  the  anterior  liinbs  are  never  absent  in  any  Man"m  il, 
the  posterior  limbs  are  occasionally  wholly  wanting,  as  in  the 
Cdacea  and  Sirenta.  Generally  speaking,  however,  the  poste- 
rior limbs  are  present,  and  the  pelvic  arch  has  much  the  same 
structure  as  in  Man.  The  two  halves  of  the  pelvis — the  ossa 
innominata — consist  each  of  three  pieces  in  the  embryo — viz., 
the  ilium,  ischium,  and  pubes,  which  meet  to  form  the  cup- 
shaped  cavity  known  as  the  "  acetabulum,"  with  which  the 
head  of  the  thigh-bone  articulates.  In  the  adult  Mammal 
these  three  bones  are  anchylosed  together,  and  the  two  ossa 
innominata  unite  in  front  by  means  of  a  symphysis  pubis,  con- 
stituted either  by  a  cartilaginous  union  (synchondrosis),  or  by 
merely  ligamentous  attachment  In  some  Mammals,  however, 
such  as  tlie  Mole,  and  many  of  the  Hats,  the  pubic  bones  re- 
main disunited  during  life.  As  a  rule,  also,  the  ossa  innomin- 
ata are  firmly  united  with  the  vertebral  column.  In  the  Ceta- 
ceans, in  which  the  hind-iimbs  are  wanting,  and  there  is  no 
sacnim,  the  innominate  bones  are  rudimentary,  and  are  not 
attached  in  any  way  to  the  spine. 

The  only  other  bones  which  are  ever  connected  with  the 
pelvis  are  two  small  bones  which  are  directed  upwanls  from 
the  brim  of  the  pelvic  cavity  in  Marsupials  and  Monottemes. 
These  are  the  so-called  "  Marsupial  bones,"  regarded  generally 
as  not  forming  parts  of  the  skeleton  properly  so  called,  but 
as  being  ossifications  of  the  internal  tendons  of  the  "external 
oblique  "  muscles  of  the  abdomen  (fig.  204). 

In  those  Mammals  which  possess  hind-limbs,  the  normal 
composition  of  the  member  is  of  the  following  parts; — i.  A 
thigh-bone  or  femur;  2.  Two  bones  forming  the  shank,  and 
known  as  the  tibia  and  fibula ;  3.  A  number  of  small  bones 
constituting  the  ankle  or  tarsus;  4.  The  "root"  of  the  foot, 
made  up  of  the  "metatarsus;"  5.  The  phalanges  of  the  toes 
(see  fig.  128). 

The  thigh-bone  or  femur  articulates  with  the  pelvis,  usually 
at  a  very  open  angle.  In  Man  it  is  distinguished  by  being  the 
longest  bone  of  the  body,  and  by  having  the  axis  of  its  shaft 
nearly  parallel  to  that  of  the  vertebral  column.  In  most 
Mammals  the  femur  is  relatively  shorter,  and  the  axis  of  ils 
shaft  deviates  considerably  from  that  of  the  spine,  being  some- 
times at  right  angles,  or  even  at  an  acute  an?'?. 
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Of  the  bones  of  the  leg  proper  the  tibia  corresponds  to  the 
radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tarsus ; 
and  the  fibula  is  the  representative  of  the  ulna.  The  articula- 
tion between  the  tibia  and  fibula  on  the  one  hand,  and  the 
femur  on  the  other,  constitutes  the  "  knee-joint,"  which  is  usu- 
ally defended  in  front  by  the  "  knee-pan "  or  patella,  a  large 
sesamoid  bone  developed  in  the  tendons  of  the  great  extensor 
muscles  of  the  thigh.  The  patella  is  of  small  size  in  the  Car- 
nkwa,  but  does  not  appear  to  be  wanting  in  any  except  the 
Marsupials.  In  many  cases  the  tibia  and  fibula  are  anchylosed 
towards  then-  distal  extremities.  In  the  Horse  the  fibula  has 
much  the  same  character  as  in  Birds,  being  a  long  splint-like 
bone  which  only  extends  about  half-way  down  the  tibia.  In 
the  Ruminants  the  reverse  of  this  obtains,  the  upper  Iialf  of  the 
fibula  being  absent,  and  only  the  lower  half  present. 

The  tibia  articulates  with  the  tarsus,  consisting  in  Man  of 
seven  bones,  but  varying  in  different  Mammals  from  four  to 
nine. 

The  foot  consists  normally  of  five  toes  connected  with  the 
tarsus  by  means  of  iive  metatarsal  bones,  which  closely  re- 
semble Uie  metacarpals.  In  the  Ruminants  there  are  only  two 
metatarsals,  and  these  are  anchylosed  in  the  adult,  and  cany 
two  toes.  In  the  Horse  there  is  only  one  metatarsal  support- 
ing a  single  toe.  As  a  rule,  the  number  of  digits  in  the  hind- 
limb  or  foot  is  the  same  as  that  in  the  fore-limb  or  hand ;  but 
this  is  not  always  the  case.  In  the  Lions,  Tigers,  Cats,  and 
Dogs,  the  posterior  limb  carries  only  four  toes,  the  innermost 
toe  or  hallux  being  wanting.  In  the  Quadrumana,  again,  all 
the  five  toes  are  generally  present,  but  the  four  outer  toes  are 
much  longer  than  in  Man,  and  the  hallux  is  shorter  than  the 
other  toes,  and  often  opposable  to  them,  so  that  the  foot  forms 
a  kind  of  posterior  hand.  The  hallux  is  also  not  uncommonly 
opposable  in  other  cases. 

The  cranial  bones  are  invariably  connected  with  one  another 
by  sutures,  and  in  no  other  examples  than  the  Monotreraes 
are  these  sutures  obliterated  in  the  adult  The  differences  of 
opinion  which  are  entertained  as  to  the  fundamental  structure 
of  the  skull  are  so  enormous,  that  it  will  be  best  not  to  attempt 
here  any  detailed  description  of  the  skull  of  the  Mammalia, 
more  especially  as  there  is  as  yet  no  universal  agreement  even 
as  to  the  nomenclature  to  be  employed.  It  is  sufficient  to  re- 
member that  the  skull  is  composed  of  a  series  of  bony  segments, 
which  are  usually  regarded  as  modified  vertebne.  The  occipi- 
tal bone  carries  two  condyles  for  articulation  with  the  first 
cervical  vertebra.     The  lower  jaw  is  composed  of  two  halves 
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or  rami,  which  are  distinct  from  another  in  the  embryo,  and 
may  or  may  not  be  anchylosed  together  in  the  adult.  How- 
ever this  may  be,  in  no  Mammal  is  the  ramus  of  the  lower  jaw 
composed  of  several  pieces,  as  it  is  in  Birds  and  Reptiles,  nor 
does  it  articulate  with  the  skull  by  the  intervention  of  an  os 
(juadratum.  On  the  other  hand,  each  ramus  of  the  lower  jaw 
in  the  Mammals  is  composed  of  only  a  single  piece,  and  arti- 
culates with  the  squamosal  element  of  the  skull,  or,  in  otiier 
words,  with  the  squamous  portion' of  the  temporal  bone. 

Tedh  are  present  in  the  great  majority  of  Mammals  ;  but 
they  are  only  present  in  the  embryo  of  the  whalebone  Whales, 
and  are  entirely  absent  in  the  genera  Echidna,  Manis,  _and 
Myrmecophaga.  In  the  Duck-mole  {prnithorhynchus)  the  teeth 
are  horny,  and  the  same  was  the  case  in  the  extinct  Rhytina 
amongst  the  Sirenia.  In  all  other  Mammals  the  teeth  have 
tlieir  ordinary  structure  of  dentine,  enamel,  and  cnista  pefrosa, 
these  elements  being  variously  disposed  in  different  cases.  In 
HO  Mammals  are  the  teeth  ever  anchylosed  with  the  jaw ;  and 
in  all,  the  teeth  are  implanted  into  distinct  sockets  or  alveoli, 
which,  however,  are  very  imperfect  in  some  of  the  Cetacea. 

Many  Mammals  liave  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  "monophyodont"  In 
most  cases,  however,  the  first  set  of  teeth — called  the  "  milk  " 
or  "  deciduous  "  teeth — is  replaced  in  the  course  of  growth  by 
a  second  set  of  "permanent"  teeth.  The  deciduous  and  per- 
manent sets  of  teeth  do  not  necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  more  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen 
"  diphyodont." 

In  Man  and  in  many  other  Mammals  the  teeth  are  divisible 
into  four  distinct  groups,  which  differ  from  one  anotlier  in 
position,  appearance,  and  function ;  and  which  are  known 
respectively  as  the  incisors,  canines,  praniolars,  and  molars 
(fig.  202).  "Those  teeth  which  are  implanted  in  the  prK- 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower 
jaw,  are  called  'incisors,'  wlmtever  be  their  shape  or  size. 
The  tooth  in  the  maxillary  bone  which  is  situated  at  or  near 
to  the  suture  with  the  prjemaxillary,  is  the  '  canine,'  as  is  aJso 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
front  of  its  crown  when  the  mouth  is  closed.  The  other  teedi 
of  tlie  first  set  are  tlie  '  deciduous  molars ; '  the  teeth  which 
displace  and  succeed  them  vertically  are  the  '  prfemolars ; ' 
the  more  posterior  teeth,  which  are  not  displaced  by  vertical 
successoia,  are  the  'molars'  properly  so  called." — (Owen.) 
The  deciduous  dentition,  therefore,  of  a  diphyodont  Mammal 
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consists  of  only  three  kinds  of  teeth — ^incisors,  canines,  and 
molars.  The  incisor  and  canine  teeth  of  the  deciduous  set 
are  replaced  by  tlie  teeth  which  bear  the  same  names  in  the 
permanent  set.  ITie  deciduous  "  molars,"  however,  are  re- 
placed by  the  permanent  "  pKemolars,"  and  the  "  molars  " 
the  permanent  set  of  teeth  a  ' 

ous  series,  only  existing  once 
cessors. 


represented  m  the  decidu- 
md  not  being  replaced  by  sue- 


All  these  four  kinds  of  teeth  are  not  necessarily  present  in 
all  Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 
the  teeth  are  amongst  the  most  important  of  the  distinctions  by 
which  the  Mammalian  orders  are  separated  from  one  another. 
The  variations  which  exist  in  the  number  of  teeth  in  different 
Mammals  are  usually  expressed  by  a  "dental  formula,"  which 
presents  the  "  dentition  "  of  both  jaws  in  a  condensed  and 
easily-recognised  form. 

According  to  Owen,  the  typical  permanent  dentition  of  a 
diphyodont  Mammal  would  be  expressed  by  the  following 
formula : — 


r-  3—3 , 
3—3' 


4—4'    ■ 


3—3 
3—3' 


44. 


The  four  kinds  of  teeth  are  indicated  in  such  a  formula  by  the 
letters— incisors  i,  canines  c,  prtemolars  J»h,  molars  m.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw, 
those  in  the  lower  line  stand  for  those  in  the  lower  jaw ;  and 
the  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  shoij  dashes  between  the  figures. 
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As  regards  the  digestive  system  of  the  Mammalia,  salivary 
glands  are  present  in  all  except  the  true  Cdacea.  The  alimen- 
tary canal  has  tn  most  cases  essentially  the  same  structure  as  in 
man ;  and  the  same  accessory  glands  are  present,— namely,  the 
liver  and  pancreas.  Some  very  remarkable  modifications  occur 
in  the  structure  of  the  stomach  and  in  the  termination  of  the 
intestine ;  but  these  will  be  noticed  in  speaking  of  the  orders 
in  which  they  occur.  The  cavity  of  the  abdomen  is  always 
separated  from  that  of  the  thorax  by  a  complete  muscular 
partition — the  diaphragm— as  is  the  case  in  no  other  Vertebrate 
animals.  The  abdomen  contains  the  greater  portion  of  the 
alimentary  canal,  the  liver,  spleen,  pancreas,  kidneys,  and  other 
organs.     The  thorax  mainly  holds  the  heart  and  lungs. 

The  heart  is  contained  in  a  serous  bag,  the  pericardium,  and 
consists  (as  in  Birds)  of  two  auricles  and  two  ventricles.  The 
effete  and  deoxygenated  blood  is  returned  from  the  tissues  \yj 
the  veins,  and  is  conducted  by  the  two  veuK  cavse  to  the  right 
side  of  the  heart  into  the  "right  auricle.  From  the  right  auricle 
it  passes  into  the  right  ventricle,  whence  it  is  propelled  through 
the  pulmonary  artery  to  the  lungs.  Having  been  submitted  to 
the  action  of  the  air,  the  blood,  now  arterialised,  is  carried  by 
the  pulmonary  veins  to  the  left  auricle,  and  thence  into  the  left 
ventricle.  From  the  left  ventricle  the  aerated  blood  is  driven 
through  the  aorta  and  systemic  vessels  to  all  parts  of  the 
body.  In  Mammals,  therefore,  as  'in  Birds,  the  pulmonary 
and  systemic  circulations  are  altogether  distinct  and  separate 
from  one  another.  The  two  sides  of  the  heart — except  in  the 
foitus  and  as  an  abnormality  in  adults — have  no  communica- 
tion with  one  another  except  by  means  of  the  capillaries. 

The  red  blood-corpuscles  are  never  nucleated,  and  in  all 
except  the  Camelidm  (in  which  they  are  oval)  they  are  circular 
and  discoid. 

The  lungs  of  Mammals  differ  from  those  of  Birds  in  being 
freely  suspended  in  tlie  thoracic  cavity,  the  greater  part  of 
which  they  fill,  and  in  being  enclosed  freely  in  a  serous  sac 
{plaird)  which  envelops  each  lung.  The  lungs  are  minutely 
cellular  throughout,  and  the  bronchi  never  open  on  the  sur- 
face of  the  lung  into  a  series  of  air- receptacles  communicating 
with  one  another,  and  placed  in  different  parts  of  the  body,  as 
is  the  case  in  Birds. 

There  is  no  "  inferior  larynx"  in  any  Mammal,  and  the  upper 
aperture  of  the  true  larynx  is  always  protected  by  an  epiglottis. 

The  kidneys  in  Mammals  are  situated  in  the  lumbar  region, 
and  exhibit  a  division  of  their  substance  into  cortical  and  me- 
dullary portions. 
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There  are  two  oiaries  in  all  Mammals,  and  the  oviduols 
are  known  as  the  "  Fallopian  tubes."  Each  oviduct  dilates  on 
its  way  to  the  surface  into  a  uterine  cavity,  which  opens  into 
the  vagina.  In  the  Monotrenies  and  Marsupials  this  primi- 
tive condition  is  retained  throughout  life,  the  uterus  remaining 
double,  and  opening  by  "wo  apertures  into  the  cloaca  or  vagina. 
In  most  cases  this  condition  is  so  far  modified  in  the  adult,  that 
the  two  uteri  have  coalesced  inferiorly,  so  as  to  have  only  a 
single  opening  into  the  vagina,  whilst  they  separate  into  two 
horns  or  "comua"  superiorly.  Only  i  the  M  kejs  and  in 
Man  have  the  two  uteri  completely  coiles  ed  to  fun  a  com- 
pletely single  cavity,  into  the  "  fundus  ot  1  c!  tl  e  Fallopian 
tubes  open.  In  male  Mammals  there  are  always  t  o  testes 
present.  In  many  Mammals  the  testes  are  pern  anently 
retained  in  the  abdominal  cavity  and  there  s  o  scrotum. 
This  is  the  case  in  the  Monotremes,  the  Elephant  all  the 
Cetacea,  and  many  of  the  Edentata.  Mostlj  ho  ever,  the 
testes  at  an  early  period  of  life  are  tnnsfe  xed  from  the  ab- 
domen to  a  pouch  of  integument  called  the  scrotum." 
Usually  the  scrotum  is  placed  beneath  the  pubic  arch  and 
behind  the  penis,  but  this  position  is  reversed  in  the  Marsupials. 

Mammary  glands  are  present  in  all  Mammals,  and  they  are 
regarded  by  Huxley  as  an  extreme  modification  of  the  cutane- 
ous sebaceous  glands.  In  the  male  Mammals  the  mammary 
glands  are  present,  but,  under  all  ordinary  circumstances,  they 
remain  functionally  useless  and  undeveloped.  Considerable 
differences  obtain  as  to  the  number  and  position  of  the  mam- 
mary glands  in  different  cases ;  but  they  are  always  placed  on 
the  inferior  surface  of  the  body,  and  their  ducts  in  the  great 
majority  of  cases  open  collectively  upon  a  common  elevation 
— the  "teat"  or  "nipple."  In  the  Monotremata,  however, 
there  are  no  nipples,  the  ducts  of  the  mammary  glands  open- 
ing either  into  a  pouch  of  the  integument  (Echidna)  or  upon  a 
flat  surface  {OrnMorhynchus). 

The  young  Mammal  is  nourished  for  a  longer  or  shorter 
time  by  the  milk  secreted  by  the  mammary  glands  of  the 
mother.  In  ordinary  cases  the  milk  is  obtained  by  voluntary 
suction  on  the  part  of  the  young  animal ;  but  in  the  Marsupials 
the  young  are  at  first  unable  to  suck  for  themselves,  and  the 
milk  is  forced  out  of  the  gland  by  the  contractions  of  a  special 
muscle. 

The  nervous  system  of  Mammals  is  chiefly  remarkable  for 
the  great  proportionate  development  of  the  cerebral  mass  as 
compared  with  the  size  of  the  spinal  cord.  In  the  higher 
Mammals,  again,  the  hemispheres  of  the  cerebrum  are  much 
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more  largely  developed  proportionately  than  the  remaining 
parts  of  the  brain.  The  brain  of  the  Mammals  is  chiefly  dis- 
tinguished from  that  of  the  lower  Vertebrata  by  the  fact  that  the 
two  hemispheres  of  the  cerebellum  are  united  by  a  transverse 
commissure— the  pons  Varolii — and  the  hemispheres  of  the 
brain  are  connected  by  a  great  commissure— die  eorpus  cal- 
losum — which  is,  however,  of  small  size  in  the  lower  Mam' 
inalia. 

The  senses,  as  a  rule,  attain  great  perfection  in  the  Mam- 
mals ;  and  the  only  sense  which  appears  to  be  ever  entirely 
■wanting  is  that  of  vision.  In  one  of  the  most  familiar  instances 
of  this  last- mentioned  fact^namely,  in  the  Mole  —  it  has 
recently  been  shown  that  it  is  only  in  the  adult  that  vision  is 
lost,  but  that  the  organs  of  sight  are  well  deveJopcd  in  the 
young.  'I'he  sclerotic  coat  of  the  eye  is  never  supported  by  a 
ring  of  bony  plates  as  in  Krds  and  many  Reptiles.  As  a  rule, 
in  addition  to  the  upper  and  lower  eyelids  there  is  a  third 
perpendicular  lid — the  membrana  niclitans — but  this  is  wanting 
or  quite  rudimentary  in  Man  and  in  the  Monkeys. 

An  external  ear  or  concha  for  collecting  the  vibrations  of 
sound  is  usually  present,  but  is  wanting  in  the  Cetacea,  many  of 
the  Seals,  and  in  some  other  cases. 

The  integument  is  furnished  over  a  greater  or  less  portion 
of  its  surfece  with  the  epidermic  appendages  known  as  "  hairs." 
These  are  developed,  much  as  feathers  are,  upon  little  emi- 
nences or  papilla;  of  the  derma,  but  they  do  not  split  up  in 
the  process  of  development  as  feathers  do.  In  the  Manis  or 
Scaly  Ant-eater  the  epidermic  appendages  are  in  the  form  of 
horny  scales,  and  not  uncommonly  they  are  developed  into 
long  spines,  as  in  the  Echidna,  Porcupine,  and  Hedgehog. 
In  the  Armadillos,  again,  the  integument  has  the  power  of 
developing  plates  of  bone  over  a  greater  or  less  extent  of  its 
surface.  The  only  apparent  exception  to  the  universal  presence 
of  hairs  in  some  part  or  other  of  the  skin  of  all  Mammals  is 
constituted  by  the  Cetacea,  some  of  which  are  without  hairs  in 
the  adult  state.  Some,  however,  of  these  (such  as  the  Whales) 
possess  a  i^'N  bristles  in  the  neighbourhood  of  the  mouth  even 
when  fully  grown.  And  the  Dolphins,  which  are  totally  hair- 
less when  adult,  exhibit  tufts  of  hair  on  tlie  muzzle  in  the 
foital  state. 
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CHAPTER  LXXIII. 

CLASSIFICATION   OF    THE   MAMMALIA. 

Numerous  classifications  of  the  MamniaHa  have  been  pro- 
posed, and  it  is  a  matter  of  regret  that  no  one  has  been 
universally  accepted  by  Zoolt^ists.  Here,  it  will  be  sufficient 
to  describe  briefly  the  three  leading  systems  upon  which  the 
Mammalia  have  been  divided  into  sub-classes ;  whilst  the  first 
will  be  adopted  as  sufficient  for  all  practical  purposes. 

I.  By  many  writers  the  class  Mammalia  is  divided  into  two 
great  primary  divisions,  the  Flaeentalia  or  Placental  Mammals, 
and  the  Implacentalia  or  Non-placental  Mammals,  according 
as  the  structure  known  as  the  "placenta"  is  present  or  absent. 
The  placenta,  as  before  said,  is  a  vascular  oi^an  developed  in 
the  greater  number  of  Mammals,  by  means  of  which  the  blood 
of  the  fcetus  is  brought  into  relation  with  tlie  blood  of  the 
mother.  The  sub-class  Placmtalia,  in  which  such  a  vascular 
connection  between  the  mother  and  fcetus  exists,  comprises  by 
far  the  largest  number  of  the  Mammals.  The  sub-class  Tm- 
pUicentalia,  in  which  no  such  vascular  connection  exists,  com- 
prises only.the  two  orders  of  the  Monotremaia  and  the  Mar- 
supialia. 

II.  By  Professor  Owen  the  Mammalia  are  divided  into  four 
sub-classes,  characterised  by  the  structure  of  the  brain,  as 
follows  ;— 

a.  Lyencephala,  characterised  by  the  fact  that  the  cerebral 
hemispheres  are  usually  without  folds,  and  leave  the  cerebel- 
lum, the  olfactory  lobes,  and  part  of  the  optic  lobes  uncovered. 
The  hemispheres  are  not  connected  together  by  a  corpus  cal- 
losum.     {Monotremata  and  Marsitpiaiia.) 

b.  Lissencepha/a,  characterised  by  the  fact  that  the  cerebral 
hemispheres  are  smooth  or  are  provided  with  few  folds,  and 
leave  the  cerebellum  and  part  of  the  olfactory  lobes  exposed. 
A  corpus  caliosum  is  present.  (  Cheiroptera,  Insedivora,  Rodentia, 
£dentaia.) 

c.  (?y?-£«fi^:43/a,  characterised  by  the  fact  that  the  hemispheres 
of  the  cerebrum  cover  the  greater  part  of  the  cerebellum  and 
the  olfactory  lobes.  A  corpus  caltosum  is  present,  and  the 
surface  of  the  cerebral  hemispheres  is  generally  thrown  into 
numerous  convolutions.  {Cdacea,  Carnivora,  Sircnia,  Frobos- 
(idea,  Ungulata,  Quadrumana.) 

d.  Archmcephaia,  characterised  by  the  fact  that  the  cerebral 
hemispheres  now  completely  overlap  the  cerebellum  and  olfac- 


Hosled  by  Google 


DIMSIUNS   OF  tiAMMALIA.  523 

tory  lobes,  the  number  of  convolutions  attains  its  maximum; 
and  there  is  a  corpus  callosum      (Man.) 

This  is  the  pnmary  classification  of  the  Mammalia  put  fortii 
by  Owen,  and  there  can  be  no  question  but  that  in  many 
respects  it  expresses  substantial  and  important  differences  It 
will  not  be  adopted  here,  par      b  m     h       ifh 

to  follow  or  to  apply  m  pr  d  b  m 

the  characters  upon  which  td  d  ar    d       d  b 

eminent  naturalists.     Thus        th     d  fi  h        b 

Lyencephala  it  is  stated  as  o  h  h  h 

there  is  no  corpus  callosum  mm  h    h  m 

spheres  of  the  cerebrum.  On  the  other  hand,  it  is  asserted 
by  Flower  and  Huxley  that  a  corpus  callosum  does  exist  in 
these  animals,  though  it  never  attains  to  any  high  degree 
of  development. 

III.  It  was  proposed  by  De  Elainville,  and  the  arrangement 
has  been  accepted  by  Huxley  and  Rolleston,  to  divide  the 
Mammalia  into  the  following  three  sub-classes,  founded  upon 
the  nature  of  the  reproductive  organs  : — 

a.  Omithi>delphia,  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  do  not  coalesce  even  in  their 
inferior  portion  to  form  a  common  uterine-  cavity,  but  open 
separately  as  in  the  Eirds  and  Reptiles.  Furthermore,  the  two 
uteri  open,  not  into  a  distinct  vagina,  but  into  a  cloacal  cavity, 
into  which  the  rectum  and  ureters  also  discharge  themselves ; 
so  that  the  condition  of  parts  is  very  much  the  same  as  it  is 
in  Birds. 

This  division  includes  only  the  Duck-mole  {Ornithorhynchus) 
and  the  Porcupine  Ant-eater  {Echidna),  forming  collectively 
the  single  order  of  the  Mowtremaia. 

b  Didelphta^  charactensted  by  the  fact  that  the  uterine 
dilatations  of  the  oviducts  continue  distinct  throughout  life, 
opening  into  two  distinct  vagina;,  which  in  turn  open  into  a 
urogenital  canal,  which  is  distinct  from  the  rectum,  though 
embraced  by  the  same  sphincter  muscle. 

This  sub-class  contains  the  Manupialia,  such  as  the  Kan- 
garoos, Opossums,  Wombats,  i^c,  most  of  which  are  almost 
entirely  confined  to  Australia.  They  have  many  other  char- 
acters in  common,  which  will  be  spoken  of  hereafter. 

III.  Monodelphia,  characterised  by  the  fact  that  the  uterine 
enlargements  of  the  oviducts  coalesce  to  a  greater  or  less 
extent  to  form  a  single  uterine  cavity,  which,  however,  generally 
shows  its  true  composition  by  being  divided  superiorly  into 
two  cormia.  The  uterus  opens  again  into  a  single  vagina, 
which  is  always  distinct  from  the   rectum.      This   sub-class 
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corresponds  with  the  division  of  the  "Placental"  Mammals, 
and  includes  all  the  Mammalia  except  the  Monotremes  and 
Marsupials. 

Before  going  on  to  consider  the  different  orders  of  the  Mam- 
malia in  detail,  it  may  be  as  well  very  briefly  to  run  over  the 
leading  characters  by  which  the  various  orders  are  distinguished : 

Order  I.  Monotretnata,  characterised  by  the  fact  that  the 
ureters  and  ducts  of  the  reproductive  organs  open  into  a  com- 
mon urogenital  canal,  which  in  turn  opens,  along  with  the 
rectum,  into  a  "  cloaca."  The  testes  are  abdominal,  and  are 
not  lodged  in  a  scrotum.  The  mammary  glands  have  no 
nipples.  The  young  is  devoid  of  a  placenta,  but  the  female 
possesses  no  marsupial  pouch,  though  the  pelvis  is  furnished 
with  "marsupial  bones."  In  this  order  are  only  the  Duck- 
mole  and  the  Echidna. 

Order  II.  Marsupialia,  characterised  by  the  fact  that  the 
uterine  dilatations  of  the  oviducts  open  with  the  ureters  into  a 
urogenital  canal,  which  is  distinct  from  the  rectum,  though 
embraced  by  the  same  sphincter  muscle.  The  testes  are  not 
abdominal,  but  are  lodged  in  a  scrotum  which  is  suspended 
by  a  narrow  neck  in  front  of  the  penis.  The  females  are 
mostly  furnished  with  a  marsupial  pouch  in  which  the  young 
are  carried  for  some  period  after  birth.  The  young  are  not 
provided  with  a  placenta,  and  are  bora  in  a  very  imperfect 
itate  of  development.  Marsupial  bones  are  present.  In  this 
order  are  the  I^ngaroos,  Opossums,  Wombats,  &c. 

Order  III.  Edentata  or  Brutal  characterised  by  the  univer- 
sal absence  of  the  median  incisors,  and  the  general  absence 
of  all  the  incisors.  The  canines  are  usually  wanting  as  well, 
and  sometimes  there  are  no  molars  either.  There  is  only  one 
set  of  teeth,  and  the  teeth  have  neither  complete  roots  nor  are 
furnished  with  a  covering  of  enamel.  The  toes  are  always 
furnished  with  claws.  Placenta  sometimes  deciduate,  some- 
times non-deciduate.  As  examples  of  this  order  may  be  taken 
the  Sloths,  Armadillos,  and  the  great  Ant-eater. 

Order  IV.  Sirenia,  comprising  the  Dugongs  and  Manatees, 
characterised  by  being  adapted  to  an  aquatic  life.  Body  fish- 
like, with  a  strong  horizontal  tail-fin.  There  is  no  sacrum, 
and  the  hind-fimbs  are  invariably  wanting,  whilst  the  fore- 
limbs  are  converted  into  swimming-paddles  There  are,  in 
the  living  forms  at  any  rate,  two  sets  of  teeth,  and  the  molars 
have  flattened  crowns  adapted  for  a  vegetable  diet.  There  are 
two  nostrils,  and  these  are  placed  at  the  upper  part  of  the 
snout.  There  are  two  manimje,  and  these  are  placed  on  the 
chest,  and  not  on  the  abdomen. 
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Order  V.  Cetacea,  comprising  the  true  Whales  and  Dolphins, 
cliaracterised  by  being  aquatic  Mammals,  with  a  horizontal 
tail-fin,  no  sacrum  nor  hind-limbs,  and  fore-limbs  in  the  form 
of  swimming-paddles.  The  nostrils  are  single  or  double,  and 
are  pkced  on  the  top  of  the  head.  The  raammaiy  glands  are 
two  in  number,  and  are  placed  in  the  region  of  the  groin. 
There  is  never  more  than  one  set  of  teeth,  and  in  many  cases 
the  adult  is  destitute  of  teeth  altogether.  Placenta  non-de- 
ciduate. 

Order  VT.  Ungulata  or  Hoofed  Quadrupeds,  comprising  the 
whole  of  the  Ruminants,  the  Horses,  and  most  of  the  old 
group  of  the  Pachydermatous  Mammals.  This  order  is  split 
up  into  many  important  sections,  and,  as  a  whole,  it  is  simply 
characterised  by  the  fact  that  there  are  never  more  than  four 
full-sized  toes  to  each  limb,  and  that  the  extremities  of  the  toes 
are  furnished  with  expanded  nails,  constituting  hoofs.  There 
are  no  clavicles.     Placenta  non-deciduate. 

Order  VII.  Hyracoidea,  comprising  only  the  single  genus 
Hyrax,  characterised  by  having  no  canines,  but  by  having 
long  curved  incisors,  which  grow  from  permanent  pulps,  as  in 
the  Kodents.  There  are  no  clavicles.  The  front-feet  have 
four  toes,  and  the  hind-feet  three.  The  placenta  is  deciduate 
and  zonary. 

Order  VIII.  Prohosciika,  comprising  no  other  living  Mam- 
mal except  the  Elephant,  characterised  by  having  no  canines, 
but  only  molars  and  incisors,  of  which  the  latter  grow  from 
permanent  pulps,  and  constitute  defensive  tusks.  There  are 
no  clavicles.  The  feet  are  five-toed.  The  nose  is  prolonged 
into  a  proboscis.  The  mammae  are  two  in  number.  The 
placenta  is  deciduate  and  zonary. 

Order  IX.  Carnivora,  comprising  all  tlie  well-known  beasts 
of  prey,  such  as  Lions,  Tigers,  Dogs,  Cats,  &c.,  together  with 
the  aquatic  Seals  and  Walruses.  They  are  a!l  characterised  by 
always  possessing  the  three  different  kinds  of  teeth- — incisors, 
canines,  and  molars — the  canines  being  usually  of  great  length, 
and  a  greater  or  less  number  of  the  molars  having  sharp  cut- 
ting ed^es.  The  clavicles  are  always  rudimentary,  the  teats 
are  abdominal,  and  the  placenta  is  deciduate  and  zonaiy. 

Order  X.  Rodentia,  comprising  the  Beavers,  Rats,  Mice, 
Hates,  Rabbits,  Squirrels,  and  others,  characterised  by  the 
absence  of  canines  and  the  possession  of  no  more  tlian  two 
incisors  in  tlie  lower  jaw,  and  usually  no  more  than  two  in  the 
upper  jaw.  The  incisors  are  greatly  developed,  growing  from 
pennanent  pulps,  and  continuing  to  grow  during  the  life  of  the 
animal     Placenta  deciduate  and  discoidal. 
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Order  XL  Ckeiropte 
and  characterised  by  \ 
fingers  are  greatly  deve  ope  1  and  elonga  ed    and  a  e  d 

together  by  a  leathery  flj  j,  n  en  b  e  o  pa  a  u 
is  continued  from  the  hind  adamohesdeo  e  body 
and  hind-limb.  By  mea  s  of  t  s  pata  un  the  t  s  p  e  s 
the  power  of  flight.  Ciav  cles  a  e  al  ays  p  eseu  The  e  1 
vary  a  good  deal,  but  there  a  e  1  vays  can  nes  The  \  e  ta 
is  deciduate  and  dlseoidal. 

Order  XII.  Insediiwra,  comprising  the  Moles,  Shrew-raice, 
and  Hedgehogs,  characterised  by  having  the  crowns  of  the 
molar  teeth  furnished  with  sharp  and  pointed  cusps.  Well- 
developed  clavicles  are  present  in  almost  all  cases.  The  i)la- 
centa  is  deciduate  and  discoidal 

Order  XII J.  Quadi  umana,  comprising  the  Lemurs,  Apes, 
and  Monkeys.  Dentition  usually  the  same  as  in  man,  or  with 
an  additional  premolar  on  each  side  of  each  jaw,  or  varying  a 
good  deal  in  the  lower  forms  The  series  of  teeth  is  uneven 
and  interrupted.  The  innermost  digit  of  the  fore-limb  {poUex) 
is  mostly  opposable  to  the  other  hngers  when  present,  but  it 
may  be  wanting.  The  hallux  is  also  opposable  to  the  other 
toes  of  the  hind-limb,  so  that  the  hind-feet  constitute  prehensile 
hands.  Clavicles  are  always  present.  The  placenta  is  de- 
ciduate and  discoidal. 

Order  XIV.  Bimana. — This  order  includes  Man  alone.  The 
dental  formula  is — 

The  teeth  axe  nearly  even,  and  are  not  interrupted  by  any 
interval  (diastema).  The  poUex  or  thumb  of  the  fore-hmb  is 
opposable  to  the  other  digits,  but  this  is  not  the  case  with  the 
hallux  or  great  toe.  The  attitude  of  the  body  in  progression 
is  habitually  erect    The  placenta  is  deciduate  and  discoidaL 
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CHAPTER    LXXIY. 

MONOTREMATA    AND    MARSUFIALIA. 

Order  I.  Monotremata. — -The  first  and  lowest  order  of  the 
Mammalia  is  that  of  the  Monotremata,  constituting  by  itself 
the  division  Omithodelphia,  and  containing  only  two  genera, 
both  belonging  to  Australia — namely,  the  Duck-mole  (Ornitho- 
rhynchus)  and  the  Porcupine  Ant-eater  {Echidna). 

The  order  is  distinguished  by  the  following  cliaracters : — 
The  intestine  opens  into  a  "cloaca,"  which  receives  also  the 
products  of  the  urinary  and  generative  oigans,  which  dischaige 
themselves  into  a  urogenital  canal,  the  condition  of  parts 
being  very  much  the  same  as  in  Birds.  The  jaws  are  either 
wholly  destitute  of  teeth  {Echidna),  or  are  furnished  with  horny 
plates  which  act  as  teeth.  The  pectoral  arch  has  some  highly 
bird-like  characters,  the  most  important  of  these  being  the 
extension  of  the  coracoid  bones  to  the  anterior  end  of  the 
sternum.  The  females  possess  no  marsupial  pouch,  but  the 
pelvis  is  furnished  with  the  so-called  "marsupial  bones,"  be- 
lieved to  be  ossifications  of  the  internal  tendons  of  the  external 
obi  que  muscles  of  the  abdomen.  The  testes  of  the  male  are 
abdon  nal  throughout  life,  and  there  is  therefore  no  scrotum, 
wh  1st  the  vasa  deferentia  open  into  the  cloaca.  The  corpus 
callosum  s  very  small,  and  has  been  asserted  to  be  altogether 
V  nt  ng  There  are  no  external  ears.  The  mammary  glands 
ha  e  no  nipples,  and  their  ducts  open  either  into  a  kind  of 
mtegumentary  pouch  (Echidna)  or  simply  on  a  flat  surface 
(Ormtherhyfukus).  The  young  are  said  to  be  destitute  of  a 
placenta,  or,  in  other  words,  no  vascular  connection  is  estab- 
lished Jjetween  the  fcetus  and  the  mother.  The  feet  have  five 
toes  each,  armed  with  claws,  and  the  males  carry  perforated 
spurs  on  the  back  of  the  tarsus  (attached  to.  a  supplementary 
tarsal  bone). 

The  order  Monotremata  includes  only  the  two  genera  Omi 
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fhorhynchus  and  £chidna-—ihs  one  represented  by  a  single 
species  {0.  paradoxus),  and  the  other  by  two  sijccles  {E. 
hystrix  and  E.  setosa).  All  are  exclusively  confined  to  Aus- 
tralia and  Tasmania. 

The  Omiikorhymhus  or  Duck-mole  is  one  of  the  most  ex- 
traordinary of  Mammals.  The  body  (fig.  203)  resembles  that 
of  a  mole  or  small  otter,  and  is  covered  with  a  close,  short, 
brown  ftir.  The  tail  is  broad  and  flattened.  The  jaws  are 
produced  to  form  a  beak  just  like  that  of  a  duck  in  app&arance; 
hence  the  name  of  "  Duck-billed  animal,"  often  apphed  to  it. 
The  margins  of  the  jaw  are-sheathed  with  horn,  and  furnished 
with  transverse  horny  plates;    but  there  are  no  teeth.     The 


sternum  is  of  five  pieces,  not  counting  m  the  ej  steriun  and 
there  are  sternal  ribs.  The  nostrils  are  placed  at  the  apex  of 
the  upper  mandible.  The  legs  are  short  and  the  feet  have 
five  toes  each,  furnished  with  strong  cliws  vhich  enable  the 
animal  to  burrow  with  facility  The  toes  are  also  united  by  a 
membrane  or  web,  so  that  the  animal  swims  with  greit  ea-se 
The  Ornif/iorkynckus  is  exclusively  iound  m  Australia  and 
Tasmania,  and  inhabits  streams  and  ponds  Its  food  consists 
chiefly,  if  not  exclusively,  of  insects  and  the  an  mil  makes 
very  extensive  burrows  on  the  banks  of  the  rivers  which  it  fre 
quents.  The  young  are  born  quite  bl  nd  and  nearly  naked 
and  the  method  in  which  they  obtain  milk  from  the  mother  is 
somewhat  obscure,  as  there  are  no  nipples,  nor  is  there  any 
marsupial  pouch.  It  is  certain,  however,  that  the  beak  of  the 
young  animal  is  extremely  different  from  what  it  is  in  the  adult 
condition.  The  young  animal  is  totally  hairless,  the  mandibles 
are  soft  and  flexible,  the  tongue  is  not  placed  far  back  in  the 
moutii  {as  it  is  in  the  adult),  and  the  eye  is  at  first  covered  by 
the  skin. 
*  The  genus  Echidna  is  represented  by  two  species,  E.  hystrix 
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and  E.  setosa,  both  belonging  to  the  Australian  province.  The 
Echidna  hystrix  is  the  best-known  species,  and  in  some  exter- 
nal respects  is  not  unlike  a  large  hedgehog,  having  the  back 
covered  with  strong  spines,  interspersed  with  a  general  coating 
of  bristly  hairs.  The  snout  has  not  the  form  of  a  duck's  bill, 
as  in  the  Ornithorhynchus,  but  the  two  mandibles  are  greatly 
elongated,  and  are  enclosed  in  a  continuous  skin  till  close 
upon  their  extremities,  where  there  is  a  small  aperture  for  the 
protrusion  of  a  very  long  and  flexible  tongue.  The  jaws  are 
wholly  devoid  of  teeth  or  anything  in  the  place  of  teeth  j  and 
the  nostrils  are  placed  at  the  extremity  of  the  cylindrical  snout 
The  feet  have  five  toes  each,  furnished  with  strong  curved 
digging-claws,  but  the  toes  are  not  webbed.  The  Echidna 
measures  from  fifteen  to  eighteen  inches  in  length,  and  is  a 
nocturnal  animal  It  lives  in  burrows,,  and  feeds  upon  insects, 
which  it  catches  by  protruding  its  long  and  sticky  tongue. 

Order  II.  Marsupialia.  . — -  The  order  Marsupialia  con- 
stitutes by  itself  the  sub-class  Didelphia,  and  forms  with  the 
Monotremata  the  division  of  the  Non  -  placental  Mammals. 
With  the  single  exception  of  the  genus  Diddphys,  which  is 
American,  all  the  Marsupialia  belong  to  the  Melanesian  pro- 
vince; that  is  to  say,  they  all  belong  to  Australia,  Van  Die- 
men's    I,and,    New  Guinea,    and    some  of  the  neighbouring- 

The  following  are  the  characters  which  distinguish  the 
order : — 

The  skull  is  composed  of  distinct  cranial  bones  united  by 
sutures,  and  they  all  possess  true  teeth ;  whilst  the  angle  of 
the  lower  jaw  is  almost  always  inflected.  The  pectoral  arch 
has  the  same  form  as  in  the  higher  Mammals,  and  the  cora- 
coid  no  longer  reaches  the  anterior  end  of  the  sternum.  All 
possess  the  so-called  "marsupial  bones,"  attached  to  the  brim 
of  the  pelvis.  The  corpus  callosum  is- very 'small,  and  has 
been  asserted  to  be  absent.  The  young  Marsupials  are  born 
in  a  very  imperfect  condition,  of  very  small  size,  and  at  a 
stage  when  their  development  has  proceeded  to  a  very  limited 
degree  only.  (In  the  Kangaroo  the  period  of  gestation  is 
only  about  thirty-nine  days,  and  in  the  Didclphida  it  is  said  to 
be  only  fifteen  or  seventeen  days).  It  is  believed  that  there 
is  no  placenta  or  vascular  commrmication  between  the  mother 

*  One  Kangaroo  {Macropus  Bruynii\  is  found  in  the  Indian  Archipelago, 
along  With  five  Phalangeis,  which  differ  from  the  Australian  forms  in  hav- 
ing the  tail  partially  or  entirely  naked  or  scaly.  There  are  also  Tree- 
Kangaroos,  and  tlie  curious  Cuscus,  distin^ished  by  a  prehensile  (ail, 
laige  eyes,  and  slow  progression. 
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and  foetus,  parturition  taking  place  before  any  necessity  arises 
for  such  an  arrangement.  As  the  young  are  born  in  such 
an  imperfect  state  of  development,  special  arrangements  are 
required  to  secure  their  existence.  When  bom,  they  are 
therefore,  in  the  great  majority  of  cases,  transferred  by  the 
mother  to  a  pecuhar  pouch  formed  by  a  folding  of  the  integu- 
ment of  the  abdomen.  This  pouch  is  known  as  the  "  marsu- 
pium,"  and  gives  the  name  to  the  order.  Within  the  mareu- 
pium  are  contained  the  nipples,  which  are  of  great  length. 
Being  for  some  time  after  their  birth  extremely  feeble,  and 
unable  to  perform  the  act  of  sucrion,  the  young  within  the 
pouch  are  nourished  involuntarily,  the  mammary  glands  being 
provided  with  special  muscles  which  force  the  milk  into  the 
mouths  of  the  young.  At  a  later  stage  the  young  can  suckle 
by  their  own  exertions,  and  they  leave  the  pouch  and  return 
to  it  at  will.  In  a  few  forms  there  is  no  complete  marsupium 
as  above  described;  but  the  structure  of  the  nipples  is  the 
same,  and  the  young  are  carried  about  by  the  mother,  adher- 
ing to  the  lengthy  teats. 

The  so-called  "  marsupial  bones  "  {fig,  204)  doubtless  serve 
to  support  the  majsupial  pouch  and  its  contained  young,  but 
this  cannot  be  their  sole  function, 
since  they  occur  in  the  Monotremes, 
in  which  there  is  no  pouch.  It  is 
believed  by  Owen  that  the  function 
of  the  marsupial  bones  is  to  assist  in 
the  action  of  the  mammfe  and  testes, 
serving  respectively  as  a  fulcrum  for 
the  muscle  spread  over  the  mam- 
mary gland  and  for  the  cremaster. 

The  oviducts  open  into  vaginal 
tubes  which  open  into  a  urogenilal 
canal ;  but  this  does  not  open  into 
a  "  cloaca,"  though  embraced  by  a 
sphincter  muscle  common  to  it  and 
to  the  rectum.  In  other  words,  the 
vagina  is  separated  wholly  or  in  great 
part  into  two  distinct  tubes.  The 
testes  are  not  abdominal  throughout 
.  life  as  in  the  Monotremes,  hut  are 
lodged  in  a  scrotum.  This,  how- 
ever, is  placed  in  front  of  the  penis, 
and  not  beneath  the  pubic  arch  as 
in  most  Mammals.  From  this  un- 
usual position  of  the  scrotum,  it  is  regarded  by  Owen  as  being 
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the  same  structure  as  the  marsupial  pouch  of  tlie  female, 
turned  inside  out.  Though  they  fonn  an  extremely  natural 
order,  sharply  separated  from  all  the  rest  of  the  Mammals,  the 
Marsupials  form  a  lat^e  and  varied  group.  In  fact  this  order, 
from  being  the  almost  exclusive  possessor  of  a  continent  as 
large  as  Australia,  has  to  discharge  in  the  economy  of  nature 
functions  which  are  elsewhere  discharged  by  several  orders. 

The  Marsupialia  are  divided  by  Owen  into  the  following 
sections : — 

a.  Jihizophaga.— In  this  section  is  the  well-known  Australian 
animal,  the  Wombat  {Phascolomys  fossor),  often  called  by  the 
colonists  the  "badger."  The  Wombat  is  a  stout,  heavy 
animal,  which  attains  a  length  of  from  two  to  three  feet.  The 
legs  are  very  short  and  stout,  and  the  animal  burrows  with 
ease  by  means  of  strong  curved  digging-claws,  with  which  the 
fore-feet  are  furnished.  The  tail  in  the  Wombat  is  quite 
rudimentary,  and  the  whole  body  is  clothed  with  a  brown 
woolly  liair.  In  its  dentition  the  Wombat  presents  a  curious 
resemblance  to  the  herbivorous  Rodents.  There  are  two 
incisors  in  each  jaw,  and  these  are  long  and  rootless,  growing 
from  permanent  pulps.  There  are  no  canines,  so  that  the 
incisors  and  premolars  are  separated  by  a  considerable  space. 
The  dental  formula  is — 


The  premolars  and  molars  agree  witli  the  incisors  in  growing 
from  permanent  pulps,  in  which  respect  the  Wombat  differs 
from  all  the  other  Marsupials,  and  agrees  with  the  herbivorous 
Rodents,  with  ihose-Edentata  which  have  teeth,  and  with  the 
extinct  Toxodon. — (Owen.) 

The  Wombat  is  a  nocturnal  animal,  and  feeds  chiefly  upon 
roots  and  grass. 

b.  Poephaga. — In  this  section  are  the  Kangaroos  {Macropo- 
didte)  and  the  Kangaroo-rats  or  Potoroos  {Hypsiprymnus),  all 
strictly  phytophagous.  The  Kangaroos  are  distinguished  by 
the  disproportionate  length  of  the  hind-limbs  and  dispropor- 
tionate development  of  the  posterior  portion  of  the  body  as 
compared  with  tlie  fore-limbs  and  fore  part  of  the  body.  The 
hind-legs  are  exceedingly  long  and  strong,  and  the  feet  are 
much  elongated — the  whoie  sole  being  appHed  to  the  ground. 
The  hind-feet  have  four  toes  each,  of.  which  the  central  one 
is  by  far  the  largest,  and  the  two  inner  toes  are  very  small, 
and  are  united  by  a  common  integument.  The  tail  is  also 
extremely  long  and  strong,  and  by  the  assistance  of  this  organ 
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and  the  powerful  hind-limbs  the  Kangaroos  are  enabled  to 
effect  extraordinarily  long  and  continuous  leaps.  In  fact,  leap- 
ing is  the  ordinary  mode  of  progression  in  the  typical  Kan- 
garoos; and  wlien  walking  upon  all  fours  their  locomotion 
IS  slow  and  ungraceful.     The  anterior  extremity  of  the  body  is 


Gould. 


very  diminutive  as  compared  with  the  posterior,  and  the  fore- 
limbs  are  quite  small,  but  have  five  well-developed  toes  armed 
with  strong  nails.  The  head  is  small,  with  large  ears,  and  the 
dental  formula  is — 


■  3-3 . 


o'  ■^"'  I— I'  '   4—4  " 


28. 


There  are  tlierefore  sis  upper  incisors,  two  lower  incisors, 
and  no  functional  canines  {though  rudimentary  tipper  canines 
are  present  in  the  young  of  some  of  the  Kangaroos,  at  any 
rate).  The  stomach  is  complex,  and  sacculated.  The  Kan- 
garoos are  all  herbivorous,  and  mostiy  live,  either  scattered  or 
gregariously,  on  the  great  grassy  plains  of  Australia.  The 
"  Tree-kangaroos,"  however  (constituting  the  genus  Deitdro- 
%!«),  live  mostly  in  trees ;  and,  in  adaptation  to  this  mode  of 
life,  the  fore-legs  are  nearly  as  long  and  strong  as  the  hind-legs, 
the  tail  is  not  used  as  a  support,  and  the  claws  are  long,  curved, 
and  pointed.     They  are  natives  of  New  Guinea.     The  "  Rock 
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"  form  the  genus  Petrogale,  and  inhabit  the  moun- 
tainous regions  of  North-western  Australia, 

The  Kangaroo-rats  {Hypsiprymnus)  differ  from  the  true  Kan- 
garoos chiefly  in  their  smaller  size,  and  in  the  presence  of  well- 
developed  upper  canines  (fig.  206,  B),  and  in  having  scaly 
tails.  They  are  diminutive  nocturnal  animals,  and  iney  live 
mostly  upon  roots. 

c.  Carpophaga.~-\a'ie.Tai^\3.tt  between  the  Kangaroos  and  the 
typical  members  of  the  present  section  (the  Phalangers)  is  the 
Phascolardos — the  "native  sloth"  or  "bear"  of  the  Australian 
colonists  and  the  "koala"  of  the  natives  (fig.  205)-  This  curi- 
ous animal  is  about  two  feet  in  length,  having  a  stout  body, 
covered  with  a  dense  bluish-grey  fiir.  The  tail  is  wanting;  and' 
the  feet  are  furnished  with  strong  curved  claws,  which  enable 
the  animal  to  pass  the  greater  part  of  its  existence  in  trees.    In 


this  it  is  greatly 'assisted  by  the  fact  that  all  the  feet  are  pre- 
hensile, the  hallux  being  opposable,  and  the  digits  of  the  fore- 
limb  divided  into  two  sets,  the  thumb  and  index-finger  being 
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opposable  to  the  other  fingers.  The  koala  is  a  slow  animal 
which  feeds  on  the  foliage  of  the  trees  in  which  it  spends  its 
existence. 

The  typical  group  of  the  Carpophagous  Marsupials  is  that  of 
the  Phalangistidm  or  Phalangers,  so  called  because  the  second 
and  third  digits  of  the  hind-feet  are  joined  together  almost  to 
their  extremities.  The  family  includes  a  number  of  small 
Marsupials,  fitted  for  an  arboreal  existence,  to  which  end  the 
hallux  is  opposable  and  nail-less,  whilst  the  four  remaining  toes 
of  the  hind-feet  have  long  curved  claws.  The  tail,  too,  is 
generally  very  long,  and  its  tip  is  usually  prehensile.  The 
Phalangers  are  all  small  nocturnal  animals  which  live  upon 
fruits  and  other  vegetable  food.  The  best  known  of  them  is 
the  Australian  Opossum  {Phalangisfa  vulpina),  which  must  not 
be  confounded  with  the  tnie  or  American  Opossums,  which 
belong  to  another  section  of  the  Marsupialia.  The  Phalangers, 
namely,  are  distinguished  from  the  Opossums  properly  so 
called,  amongst  other  characters,  by  their  dentition,  the 
canine  teeth  being  always  very  small  and  functionally  use- 
less in  the  lower  jaw,  and  sometimes  in  the  upper  jaw  as  well. 
The  Phalangisla  vulpina  is  nocturnal  and  arboreal  in  its 
habits,  and  its  flesh  is  esteemed  a  great  delicacy  by  the  native 
Australians,  with  whom  opossum-hunting  is  a  favourite  pursuit. 

The  flying  Phalangers  or  Petauri  are  closely  allied  to  the 
true  Phalangers,  but  differ  in  not  having  a  prehensile  tail,  and 
in  having  a  fold  of  skin  extending  on  each  side  between  the 
sides  of  the  body  and  the  fore  and  hind  limbs.  By  the  help 
of  these  lateral  membranes  the /".^/awW  can  take  extensive  leaps 
from  tree  to  tree;  but  though  called  "flying"  Phalangers,  they 
have  no  power  of  flight  properly  so  called.  They  are  beautiful 
little  animals,  nocturnal  in  their  habits,  and  having  the  body 
clothed  with  a  soft  and  delicate  fur. 

,  d.  Entomopkaga.  —  In  this  section  the  jaws  are  always 
furnished  with  canine  teeth,  but  these  are  not  of  very  large 
size,  and  the  animals  composing  the  section  are  therefore  not 
highly  predacious,  but  "prey,  for  the  most  part,  on  the  smaller 
and  weaker  classes  of  invertebrate  animals."  In  this  section 
are  the  Bandicoots  {Perawdida),  the  American  Opossums 
{^Didelphida),  and  the  Banded  Ant-eater  {Myrmecohim), 

The  Bandicoots*  (Pemmelidix^  are  small  Australian  animals, 
which  appear  to  fill  the  place  of  the  Hedgehogs,  Shrew-mice, 
and  other  small  Inscctivora  of  the  Old  World.      The  hind- 
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limbs  in  the  Bandicoots  are  considerably  longer  than  the  fore- 
iimbs,  and  their  progression  is  therefore  by  a  series  of  bounds. 
The  fore-limbs  have  really  five  toes  each,  but  only  the  central 
three  of  these  are  well  developed,  the  outermost  and  innermost 
digits  being  rudimentary.  The  three  functional  toes  are  armed 
with  long  strong  claws,  with  which  the  Bandicoots  burrow  with 
great  ease.  The  marsupial  pouch — and  this  is  a  singular 
point — opens,  in  some  species  at  any  rate,  backwards  instead 
of  forwards.  In  the  nearly-allied  genus  Charopm,  also  from 
Australia,  it  appears  that  the  two  outer  toes  of  the  fore-feet  are 
entirely  absent. 

The  second  family  of  this  section — namely,  the  true  Opos- 
sums or  Didelphidx — is  remarkable  in  being  ihe  only  group  of 
the  whole  order  which  occurs  out  of  the  Australian  province. 
The  Didelphidx,  namely,  are  exclusively  found  in  North 
and  South  America,  where  they  are  known  as  "  Opossums." 
A  considerable  number  of  species  is  known,  but  they  are 
mostly  of  small  size,  the  largest  measuring  not  more  than  from 
two  to  three  feet,  inclusive  of  the  tail.  The  Virginian  Opos- 
sum (Diddphys  Virginiana)  is  the  only  member  of  the  iamily 
which  is  found  in  North  America,  and  it  was  the  earliest  Mar- 
supial known  to  science.  Most  of  the  Opossums  are  carnivor- 
ous, feeding  upon  small  quadrupeds  and  birds,  but  they  also 
eat  insects,  and  sometimes  even  fruit.  One  species  (Diiielphys 
caiicrivora)  lives  chiefly  upon  Crabs;  and  the  Yapock  (CMra- 
Jiedes)  has  webbed  feet,  and  appears  to  lead  a  semi-aquatic  life. 
All  the  Didelphidm  have  the  hallux  nail-less  and  opposable  to 
the  other  toes,  so  as  to  convert  the  bind-feet  into  prehensile 
hands,  and  all  have  a  more  or  less  perfectly  prehensile  tail, 
these  being  adaptations  to  an  arboreal  life.  The  marsupial 
pouch  is  sometimes  not  present  in  a  complete  form,  but  is 
merely  represented  by  cutaneous  folds  of  the  abdomen  con- 
cealing the  nipples.  In  the  Diddphys  dorsigera,  in  which  this 
peculiarity  obtains,  the  young  soon  leave  the  nipples,  and  are 
then  carried  about  on  the  back  of  the  mother,  to  whom  tliey 
ding  by  twining  their  prehensile  tails  round  hers.  The  dentition 
of  the  Opossums  is  remarkable  for  the  great  number  of  the 
incisor  teeth,  the  dental  formula  being — 

.  5— 5  .    ^  I— I      ,      3—3  4—4  _  ,„ 

The  Banded  Ant-eater  {Myrmecobius  fasciaim)  is  a  small  but 
extremely  elegant  little  animal,  which  inhabits  Western  and 
Southern  Australia,  and  lives  upon  insects  (fig.  207).  The  tail 
is  busfiy,  and  differs  from  that  of  the  Didelphidm  in  not  being 
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prehensile.  The  fore-feet  have  five  toes  armed  with  claws;  the 
hind-feet  have  only  four  toes.  The  Myrmecobius  is  remarkable 
for  the  extraordinary  number  of  molar  teeth,  in  which  it  exceeds 
any  existing  Marsupial,  and  is  only  surpassed  by  some  of  the 
Armadillos.     The  dental  formula  is — 

.  4—4  I— I      ,      3—3      „  6—6  _ 

'  3^'  '  i=T'^'"^'  "*  6-6 -S-^- 
e.  Sarcophaga. — This  is  the  last  section  of  the  existing  Mar- 
supials, and  includes  a  number  of  predacious  and  rapacious 
forms,  which  fill  the  place  held  elsewhere  by  the  true  Camivora. 
They  are  distinguished  by  the  fact  that  the  intestine  is  destitute 
of  a  CKcum,  and  by  their  strictly  carnivorous  dentition,  the 


canines  being  strong,  lonj;,  and  pointed,  whilst  the  molars  and 
prEemoJars  have  cutting  edges  furnished  with  tliree  cusps  (fig. 
zo6.  A).  The  best-known  species  of  this  section  are  the  Thy- 
lacinus  cynocepkalvs  and  the  Dasyurus  ursinus.  The  former  of 
these  is  the  largest  of  the  rapacious  Marsupials,  being  about  as 
big  as  a  shepherd's  dog.  It  is  a  native  of  Van  Diemen's  Land, 
and  is  known  to  the  colonists  as  the  "hysena."  Its  head  is 
very  large,  and  the  back  exhibits  several  transverse  black 
bands.  It  lives  in  caverns  and  amongst  the  rocks  in  the 
jvildest  parts  of  the  colony,  and  its  numbers  have  been  very 
much  reduced  by  the  constant  war  waged  upon  it  by  the 
settlers.  Tlie  Dasyurus  ursinus  is  also  a  native  of  Van 
Diemen's  Land,  where  it  is  known  as  the  "native  devil." 
Though  smaller  than  the  Thylacine,  the  Dasyurus  is  extremely 
ferocious,  and  is  capable  of  committing  great  havoc  amongst 
animals  even  as  large  as  sheep. 
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CHAPTEE.     LXXV. 

EDENTATA. 

Order  III.  Edentata  or  Bruta. — The  lowest  order  of  the 
placental  or  monodelphous  Mammals  is  that  of  the  Edentata, 
often  known  by  the  name  of  Bruta.  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 
The  remaining  members  of  the  order  have  teeth,  but  these 
are  always  destitute  of  true  enamel,  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further,  in  none  of 
the  Edentata  are  there  any  median  incisors,  and  in  only  one 
species  (one  of  the  Armadillos)  are  there  any  incisor  teeth  at  alL 
Canine  teeth,  too,  are  almost  invariably  wanting.  Clavicles 
are  usually  present,  but  are  absent  in  the  Scaly  Ant-eater  or 
Manis.  AH  the  toes  are  furnished  with  long  and  powerful 
claws.  The  mammary  glands  are  usually  pectoral,  but  are 
sometimes  abdominal  in  position.  The  testes  are  abdominal 
in  position.  The  skin  is  often  covered  with  bony  plates  or 
horny  scales. 

The  order  EdaUata  is  conveniently  divided  into  two  great 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  being  phytophagous,  the  other  insectivorous.  lu  the 
former  section  is  the  single  group  of  the  Sloths  {Bradypodidm). 
In  the  latter  are  the  two  groups  of  tlie  Armadillos  {Dasypodida), 
^^d  the  various  species  of  Ant-eaters  (the  latter  constituting 
Owen's  group  of  the  Edentuld). 

The  order  Edentata  is  but  sparingly  represented  in  modem 
limes,  and  its  geographical  distribution  is  pecuUar.  The  true 
Ant-eaters,  the  Armadillos  and  the  Sloths,  are  entirely  confined 
to  South  America,  in  which  country  a  group  of  gigantic  extinct 
Edentates  existed  in  Post-tertiary  times.  The  Scaly  Ant-eater 
or  Manis  is  common  to  Asia  and  Africa,  and  the  genus  Oryc- 
Uropiis  is  peculiar  to  South  Africa. 

The  family  Bradypodida  comprises  some  exceedingly  curious 
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animals  which  are  exclusively  confined  to  South  America,  in- 
habiting the  vast  primeval  forests  of 
Sloths  have  a  remarkably  short  and  i     n     d  d 

body  is  covered  with  hair.      The  inciso  h  ai  h 

wanting,  biit  there  are  always  simple  mo  rs  and  n  h  T  o- 
toed  Sloth  or  Unau  the  first  tooth  in  ea  n  fc  h    d 

so  much  larger  than  tile  others,  and  s     n     h  n  n    d 

that  it  has  been  regarded  as  a  canine.     T  b    h 

plex,  somewhat  resembling  that  of  the  R  m  nan         1 
vical  vertebras  are  generally  regarded  asbn    noehn 
normal  seven  in  number  in  the  Thre&-to  d  S  nd  h      ng 

bones  have  no  medullary  cavities.     Th    n  nk   g  p    u 

liarities,  however,  about  the  Sloths  are  d  w  h        u 

mode  of  life.      The  Sloths,  in  fact,  ar  d 

their  life  suspended  from  the  under  sur  b       h 

of  the  trees  amongst  which  they  live ;  a  d    h 

organisation  is  singularly  adapted.     The  n  b    a      m     h 

longer  than  the  hind-limbs,  and  the  bon  f        n 

unusually  movable  All  the  feet  but  especially  the  foie-feet, 
are  furnished  with  enormously  long  cuived  claws  (fig  208),  by 
the  aid  of  wh  clr  the  animal  is  embled  to  move  ibout  freely 
suspended  back  downwor  Is  trom  he  br  nches.  Not  only  is 
this  the  ordmir)  ran  le  of  j  ro^ri-ssio  1  iitir  ngst  the  Sloths,  but 
even  in  sleep  the  mimol  appears  to  leta  n  this  apparently  un- 
natural positio  1 


-i>/ijj)— flfler  Own. 


Owing  to  the  disproportionate  size  of  the  fore-limbs  as  com- 
pared with  the  hind-limbs,  and  owing  to  the  fact  that  the  hind- 
feet  are  so  curved  as  to  render  it  impossible  to  apply  the  sole 
to  the  ground,  the  Sloth  is  an  extremely  awkward  animal  upon 
the  ground,  and  it  has  therefore  recourse  to  terrestrial  progres 
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sion  only  when  absolutely  compelled  to  do  so  Whilst  the 
name  of  "Sloth"  may  thus  appear  to  be  a  merited  one  from 
the  point  of  view  of  a  terrestrial  Mammal,  it  is  wholly  unde- 
served when  the  animal  is  looked  upon  as  especially  adapted  for 
an  arboreal  existence.  In  the  Ai  or  Three-toed  Sloth  {Brady- 
pus  iridactylus)  there  are  three  toes  to  each  foot,  and  these  are 
short,  completely  rigid,  and  so  enveloped  in  the  integumenl 
as  to  leave  nothing  visible  except  the  enormously  long  and 
crooked  claws.  The  hand  and  foot  are  ;ointed  to  the  arm 
and  leg  obliquely,  so  that  the  palm  and  sole  cannot  be  applied 
to  the  ground,  but  are  turned  inwards.  The  ungual  pha- 
langes are  also  so  articulated  that  the  claws  are  bent  inwards 
towards  the  palm  or  sole.  There  are  sixteen  pairs  of  ribs. 
Tlie  molars  are  rootless,  growing  from  permanent  pulps,  and 
consisting  of  a  simple  cylinder  of  dentine  enveloped  in  enamel. 
In  the  Unau  {Cholapus)  the  feet  are  two-toed,  and  there  are 
twenty-three  pairs  of  ribs,  the  greatest  number  known  in  the 
Mammals. 

The  second  family  of  the  Edmtafa  is  that  of  the  Dasypodiila 
or  AtmadiJlos.  These  are  found  exclusively  in  South  America, 
as  are  the  Sloths,  but  they  are  very  different  in  their  habits. 
The  Armadillos  are  burrowing  animals,  furnished  with  strong 
digging-claws  and  well-developed  collar-bones.  The  jaws  are 
provided  with  numerous  simple  molars,  which  attain  the  enor- 
mous number  of  nearly  one  hundred  in  the  great  Armadillo 
(Dasypvs  gigas).  The  upper  surface  of  the  body  is  covered 
with  a  coat  of  mail,  formed  of  hard  bony  plates  or  shields, 
united  at  their  edges.  A  portion  of  this  armour  covers  the 
head  and  shoulders,  and  another  portion  protects  the  hind- 
quarters; whilst  between  these  is  a  variable  number  of  mov- 
able bands  which  run  transversely  across  the  body,  and  give 
the  necessary  flexibility  to  this  singular  dermoskeleton.  In 
some  species  this  flexibility  is  so  great  that  the  animal  can  roll 
itself  up  like  a  hedgehog.  The  tail  is  likewise  mostly  covered 
with  bony  scutes. 

The  Armadillos  are  confined  entirely  to  South  America, 
ranging  from  Mexico  to  Patagonia.  In  this  country,  also,  have 
been  found  the  remains  of  a  gigantic  armour-plated  animal 
allied  to  the  Armadillos,  which  will  be  subsequently  described 
under  the  name  of  the  Glyptodoii.  Amongst  the  best-known 
species  of  Armadillo  are  the  Peba  {Dasypus  Peba),  the  Poyou 
(D.  sexcincttts),  the  Tatouay  (D.  Tatouay),  and  the  Great  Arma- 
dillo (^.^^rw).  A  somewhat  aberrant  form  is  the  Chlamyphoriis 
(fig.  209)  of  South  America,  the  total  length  of  which  is  only 
about  six  inches. 
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The  remaining  members  of  the  Edentata  are  the  various 
Ant-eaters,  but  these  are  so  different  from  one  another  in  tlieir 
characters  that  they  form  three  distinct  families,  also  distin- 
guished by  their  geographical  distribution. 


a.  MyrtnecopAagiii^.^-Thi?,  family  is  exclusively  confined  to 
South  America,  as  are  the  two  preceding,  and  it  contains  only 
the  Hairy  or  true  Ant-eaters.  These'  curious  animals  feed 
chiefly  upon  Ants  and  Termites,  which  they  catch  with  their 
long  sticky  tongues.  The  jaws  are  wholly  destitute  of  teeth ; 
the  body  is  covered  with  hair ;  there  is  a  long  tail ;  and  the 
feet  are  armed  with  long  and  strong  curved  digging- claws.  The 
toes  are  united  by  skin  up  to  the  bases  of  the  claws,  as  in  the 
Sloths  ;  the  ungual  phalanges  are  articulated  in  the  same  way, 
and  the  palm  and  sole  are  similarly  turned  inwards. 

The  best-known  species  of  this  family  is  the  Great  Ant-eater 
(Myrmecopkaga  jubata).  This  singular  animal  attains  a  length 
of  over  four  feet,  and  has  an  extremely  long  and  bushy  tail. 
The  jaws  are  produced  to  form  a  long  and  slender  snout, 
which  is  entirely  enclosed  in  the  skin,  till  just  at  its  extremity, 
where  there  is  an  aperture  for  the  protrusion  of  the  thread-like 
tongue.  The  anterior  feet  have  four,  and  the  posterior  feet 
five  toes,  all  armed  with  strong  curved  claws,  which,  when 
not  used  in  digging,  are  bent  inwards,  so  that  the  animal 
walks  on  the  sides  of  the  feet.  The  animal  is  perfectly  barm- 
less  and  gentle  when  unmolested,  and  leads  a  solitary  life.  It 
lives  mainly  upon  Termites,  into  the  nests  of  which  it  forces 
its  way  by  means  of  the  powerful  claws.     When  the  Termites 
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rush  oat  to  see  what  Is  the  matter,  the  Ant-eater  thrusts  out  its 
glutinous  tongue,  an  action  which  can  be  repeated  with  mar- 
vellous rapidity.  Two  other  species  liave  been  described,  both 
much  smaller  than  the  preceding,  and  both  arboreal  in  their 
habits,  and  furnished  with  prehensile  tails. 

b.  jKafffciE.— This  family  includes  only  the  Scaly  Ant-eaters 
or  Pangolins,  all  exclusively  confined  to  the  Old  World,  and 
found  in  both  Africa  and  Asia.  The  whole  of  the  body,  limbs, 
and  tail  in  the  Manidm  is  covered  with  an  armour  of  horny 
imbricated  plates,  overlapping  like  the  tiles  of  a  house,  and 
apparently  consisting  of  agglutinated  hairs.  The  legs  are 
short,  and  furnished  with  four  or  five  toes  each,  ending  in  long 
and  strong  digging-claws ;  but  there  are  no  clavicles.  The 
tongue  resembles  that  of  the  Hairy  Ant*eaters  in  being  long 
and  contractile,  and  capable  of  being  exserted  for  a  consider- 
able distance  beyond  the  mouth.  It  is  covered  with  a  glutinous 
saliva,  and  is  the  agent  by  which  the  animal  catches  ants  and 
other  insects.  The  jaws  are  wholly  destitute  of  teeth.  When 
threatened  by  danger,  the  Pangolins  roll  themselves  up  into  a 
ball,  like  the  hedgehogs.  The  tail  is  comparatively  long,  and 
is  covered  with  scales.  Though  very  strong  for  their  size, 
none  of  the  species  attain  a  length  of  more  than  three  or  four 
feet,  inclusive  of  the  tail.  The  best-known  species  are  the 
Manis  pentadadyla  of  India,  and  the  Manis  tetradaclyla  of 
Africa, 

c.  OryderopidtE. — The  last  family  of  the  living  Edentata  is 
that  of  the  Oryderopidis,  comprising  only  the  single  genus 
Orycteropus.  This  genus  comprises  only  a  single  species,  the 
O.  Capensis,  which  is  peculiar  to  South  Africa,  and  is  known 
by  the  Dutch  colonists  as  the  "Aardvark"  or  Ground-hog. 
The  animal  is  nocturnal  in  its  habits,  and  lives  upon  insects. 
T lie  body  is  elongated,  and  the  tail  is  long,  the  species  attain- 
ing a  total  length  of  four  feet  or  more.  The  legs  are  short, 
and  the  feet  plantigrade,  the  anterior  pair  having  four  ungni- 
culate  toes,  the  posterior  five.  The  claws  are  strong  and 
curved,  and  enable  the  animal  to  construct  extensive  burrows. 
The  skin  is  very  thick,  and  is  thinly  covered  with  bristly  hairs; 
and  the  tail  is  haiiy.  The  head  is  elongated,  and  the  motitli 
small — devoid  of  incisor  and  canine  teeth,  but  furnished  with 

a  number  of  cylindrical  molars  (c~()-  The  crowns  of  the 
molars  are  flat,  and  they  are  composed  of  dentine  traversed  by 
numerous  dichotomising  pulp-cavities.  The  tongue  is  long, 
flat,  and  slender,  and  is  covered  by  a  sticky  saliva,  by  the  aid 
of  which  the  animal  catches  insects.     Tlic  head  is  long  and 
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attenuated,  the  snout  truncated  and  callous,  and  the  ears  large, 
erect,  and  pointed. 


CHAPTER  LXXVI. 

SIRENIA    AND    CETACEA. 

Order  IV.  Sirema.- — This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  are  often 
placed  with  the  true  Cetaceans  (Whales  and  Dolphins)  in  a 
comnion  order.  There  is  no  doubt,  in  fact,  but  that  the  Sireiiia 
are  very  closely  allied  to  the  Cdacea ;  and  though  they  are  to 
be  regarded  as  separate  orders,  yet  they  may  be  advantage- 
ously considered  as  belonging  to  a  single  section,  which  has 
been  called  Miitiiata,  from  the  constant  absence  of  the  hind- 
limbs. 

The  Sirenia  agree  with  the  Whales  and  Dolphins  in  their 
complete  adaptation  to  an  aquatic  mode  of  life  (fig.  210); 
especially  in  the  presence  of  a  powerful  caudal  fin,  which  differs 
from  that  of  Fishes  in  being  placed  horizontally,  and  in  being 
a  mere  expansion  of  the  integuments,  not  supported  by  bony 
ta.ys.  The  hind-limbs  are  wholly  wanting,  and  there  is  no  sa- 
crum. The  anterior  limbs  are  converted  into  swimming-paddles 
or  "  flippers."  The  snout  is  fleshy  and  well  developed,  and 
the  nostrils  are  placed  on  its  upper  surface,  and  not  on  the  top 
of  the  head,  as  in  the  Wbales.  Fleshy  lips  are  present,  and 
the  upper  one  usually  carries  a  moustache.  The  skin  is  covered 
with  fleshy  bristles.  The  head  is  not  disproportionately  large, 
as  in  the  true  ^VTiales,  and  is  not  so  gradually  prolonged  into 
the  body  as  it  is  in  the  latter.  There  may  be  only  six  cervical 
vertebne.  The  teats  are  two  in  number  and  are  "  thoracic," 
i.e.,  are  placed  on  the  chest.  There  are  no  clavicles,  and 
the  digits  have  no  more  than  three  phalanges  each.  The  testes 
are  retained  throughout  life  within  the  abdomen,  but  vesiculEe 
seminales  are  present.  The  animal  is  diphyodont,  the  penna- 
nent  teeth  consisting  of  molars  with  flattened  crowns  adapted 
for  bruising  vegetable  food,  and  incisors  which  are  present  in 
the  young  animal,  at  any  rate.  In  the  extinct  Rkytina  it  does 
not  appear  that  there  were  any  incisor  teeth. 

The  only  existing  Sirenia  are  the  Manatees  {Manatus)  and 
the  Dugwigs  (Halicere),  often  spoken  of  collectively  as  "  sea^ 
cows,"  and  forming  the  family  of  the  Manatidm. 
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The  Manatees  are  characterised  by  the  possession  of  numer- 
Dus  molar  teeth  (3^^)  ^.Tid  of  two  small  upper  incisors,  which 
ire  wanting  in  the  adult.  The  tail-fin  is  oblong  or  oval  in 
md  the  anterior  limbs  are  furnished  with  nails  to  the 


four  outer  digits.  They  occur  on  the  east  coast  of  North 
America,  especially  in  the  Gulf  of  Mexico,  and  another  species 
is  found  on  the  west  coast  of  Africa.  They  are  generally  found 
in  considerable  numbers  about  the  mouths  of  rivers  and  estu- 
aries, and  they  appear  to  live  entirely  upon  sea-weeds,  aquatic 
plants,  or  the  littoral  vegetation.  They  axe  large,  awkward 
animals,  attaining  a  length  of  from  eight  to  ten  feet  as  a  rule, 
but  sometimes  growing  to  a  length  of  nearly  twenty  feet. 

The  Dugongs  (J/a/nvre  fig  310)  have  ~^  molar  teeth  in 

the  >oung  condition,  but  onl)  — —  when  old.  Inferior  incis- 
ors are  present  m  the  young  animal,  but  are  wanting  in  the 
aoult  The  upper  jaw  ctmes  two  permanent  incisors,  which 
are  entirel)  concealed  m  the  jaw  in  the  females,  but  which 
increase  m  size  m  the  males  with  the  age  of  the  animal,  till 
they  become  pointed  tusks  The  anterior  extremities  are  nail- 
Ie-,s  and  the  tail  fin  is  crescentic  in  shape.  In  their  general 
appearince  and  in  their  habits  the  Dugongs  differ  little  from 
the  Manatees,  and  they  are  often  killed  and  eaten.  They 
attain  a  length  of  from  eight  to  ten,  twelve,  or  more  feet,  and 
are  found  chiefly  on  the  coasts  of  the  Indian  Ocean.  The  bones 
are  remarkable  for  their  extreme  density,  their  texture  being 
nearly  as  dose  as  ivory. 

The  Manatees  and  Dugongs,  as  before  said,  are  the  only 
living  Sif-enia;  but  besides  these  there  is  a  very  singular  form, 
the  Rhylina  Stelleri,  which  is  now  extinct,  having  been  exter- 
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minated  by  man  witliia  a  comparatively  recent  period.  This 
remarkable  animal  was  discovered  about  the  middle  of  the 
eighteenth  century  in  a  little  island  (Behring's  Island)  off  the 
coast  of  Karotschatka.  Upon  this  island  the  celebrated  voyager 
Behring  was  wrecked,  and  he  found  the  place  inhabited  by 
these  enormous  animals,  which  were  subsequently  described 
by  M.  Steller,  who  formed  one  of  his  party.  The  discovery, 
however,  was  fatal  to  the  Rhyt'ma^  for  the  last  appears  to  have 
been  seen  in  the  year  1768.  The  Rhytina  was  an  animal  of 
great  size,  measuring  twenty-five  feet  in  length,  and  twenty  feet 
at  its  greatest  circumference.     There  can  hardly  be  said  10 

have  been  any  true  teeth,  but  the  jaws  contained  ■-  -  large 
lamelliform  Sbrous  structures,  which  officiated  as  teeth,  and 
may  l>e  looked  upon  as  molars.  The  epidermis  was  extremely 
thick  and  fibrous,  and  hairs  appear  to  bave  been  wanting. 
There  wa^  a  crescentic  tail-fin,  and  the  anterior  limbs  alone 
were  present. 

Order  V.  Cetacea. — In  this  order  are  the  Whales,  Dol- 
phins, and  Porpoises,  all  agreeing  with  the  preceding  in  their 
complete  adaptation  to  an  aquatic  life  (figs.  213,  zr4).  The 
body  is  completely  fish-like  in  form ;  the  anterior  limbs  are  con- 
verted into  swimming-paddles  or  "flippers;"  the  proximal 
bones  of  the  fore-limbs  are  much  reduced  in  length,  and  the 
succeeding  bones  are  shortened  and  flattened,  and  are  en- 
veloped in  a  tendinous  skin,  thus  reducing  the  limbs  to  oar- 
like  fins;  there  are  no  external  ears;  the  posterior  limbs  are 
completely  absent ;  and  there  is  a  powerful,  horizontally-flat- 
tened, caudal  fin,  sometimes  accompanied  by  a  dorsal  fin 
as  well.  In  all  diese  characters  the  Cdacea  agree  with  the 
Sirmia,  except  in  the  one  last  mentioned.  On  the  other  hand, 
the  nostrils,  which  may  be  single  or  double,  are  always  placed 
at  the  top  of  the  head,  constituting  the  so-called  "  blow-holes" 
or  "  spiracles ; "  and  they  are  never  situated  at  the  end  of  a 
snout.  The  body  is  very  sparingly  furnished  with  hairs,  or 
the  adult  may  be  completely  hairless.  The  testes  are  retained 
throughout  life  within  the  abdomen,  and  there  are  no  vesiculie 
seminaies.  The  teats  are  two  in  number  and  are  placed  upon 
the  groin.  The  head  is  generally  of  disproportionately  large 
size,  and  is. never  separated  from  the  body  by  any  distinct 
constriction  or  neck.  The  lumbar  region  of  the  spine  is  long, 
and,  as  in  the  Sirmia,  there  is  no  sacrum,  and  the  pelvis  is 
only  present  in  a  rudimentary  form.  There  are  no  clavicles, 
and  some  of  the  digits  may  possess  more  than  three  phalanges 
each.     Lastly,  the  adult  is  either  destitute  of  teeth  or  is  mono- 
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phyodont — that  is  to  say,  possesses  but  a  single  set  of  teeth, 
which  are  never  replaced  by  others..  When  teeth  are  present, 
they  are  usually  conical  and  numerous,  and  they  are  always  of 
one  kind  only. 

The  Cetacea  may  be  divided  into  the  three  families  of  the 
Balanida  or  Whalebone  Whales,  the  Delphinida  or  Dolphins 
and  Porpoises,  and  the  Catodontidx  or  Sperm  Whales.  Of 
these,  the  Balmtiida  are  often  spoken  of  as  the  "  toothless  " 
Whales,  whilst  the  other  two  families  are  called  the  "  toothed" 
Whales  {Odonioceti). 


Fam.  I.  BaltBmd(Z. —Ths  Balainidm  or  Toothless  Whales 
are  characterised  by  the  total  absence  of  teeth  in  the  adult 
(fig.  211).  Teeth,  however,  are  present  in  the  fostal  Whale, 
but  they  never  cut  the  gum.  The  place  of  teeth  is  supplied 
by  a  number  of  plates  of  whalebone  or  "  baleen  "  attached  to 
the  palate;  hence  the  name  of  "whalebone  Whales"  often 
given  to  this  family.  They  are  the  largest  of  living  animals, 
and  may  be  divided  into  the  two  sections  of  the  Smooth  Whales, 
in  which  the  skin  is  smooth  and  there  is  no  dorsal  fin  (as  iu 
the  Greenland  Whale),  and  the  Furrowed  Whales,  in  which 
the  skin  is  furrowed  and  a  dorsal  fin  is  present  (as  in  the  so- 
called  Finner  Whales  and  Hump-backed  Whales). 

The  Greenlajid  or  "  Right"  Whale  {Balwna  tnystketus)  will 
illustrate  almost  all  the  leading  points  of  interest  in  the  fcunily. 
The  Greenland  Whale  is  the  animal  which  is  sought  after  in 
the  whale-fishery  of  Europe,  and  hence  the  name  of  "Right  " 
Whale  often  applied  to  it.  It  is  an  inhabitant  of  the  Arctic 
seas,  and  readies  a  length  of  from  forty  to  sixty  feet.  Of  this 
enormous  length,  nearly  one-third  is  made  up  of  the  head,  so 
that  the  eye  looks  as  if  it  were  placed  nearly  in  the  middle  of 
the  body.    The  skin  is  completely  smooth,  and  is  destitute  of 
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hairs  in  the  adult  The  fore-limbs  are  converted  into  "flip- 
pers "  or  swimming-paddles,  but  the  main  organ  of  progression 
is  the  tail,  which  often  measures  from  twenty  to  twenty-five 
feet  in  breadth.  The  mouth  is  of  enormous  size,  the  upper 
jaw  somewhat  smaller  than  the  lower,  and  both  completely 
destitute  of  teeth.  Along  the  middle  of  the  palate  runs  a 
strong  keel  bordered  by  two  lateral  depressions,  one  on  each 
side.  Arranged  transversely  in  these  lateral  depressions  are 
an  enormous  number  of  horny  plates,  constituting  what  is 
known  as  the  "  baleen"  plates,  from  which  the  whalebone  of 
commerce  is  derived.  The  arrangement  of  the  plates  of  baleen 
is  somewhat  as  follows  (fig.  212): — Each  plate  is  somewhat 
triangular  in  shape,  the  shortest  side  or  base  being  deeply 
sunk  in  the  palate.  The  outer  edge  of  the  plate  is  nearly 
straight,  and  is  quite  unbroken.  The  innei  edge  is  slightly 
concave,  and  is  furnished  with  a  close  fringe  formed  of  detached 
fibres  of  whalebone.  For  simplicity's  sake  each  baleen-plate 
has  been  regarded  here  as  a  single  plate,  but  in  reality  each 
plate  is  composed  of  setral  pieces,  of  which  the  outermost  is 
by  far  the  laigest,  whilst  the  others  gradually  decrease  in  size 
towards  the  middle  line  of  the  palate.  The  large  marginal 
plates  are  from  eight  to  ten  or  fourteen  feet  in  length,  and 
there  may  be  about  two  hundred  on  each  side  of  the  mouth. 

The  object  of  the  whole  series  of  baleen-plates  with  which 
the  palate  is  .furnished,  is  as  follows  : — The  Whale  is  a  strictly 
carnivorous  or  zoophagous  animal,  but  owing  to  the  absence 
of  teeth;  and  the  comparatively  small  calibre  of  the  oesophagus, 
it  lives  upon  very  diminutive  animals.  The  Whale,  in  fact, 
lives  mostly  upon  the  shoals  of  small  Pteropodous  Molluscs, 
Ctenophora  and  Medium,  which  swarm  in  the  Arctic  seas.  To 
obtain  these,  the  Whale  swims  with  the  mouth  opened,  and 
thus  fills  the  mouth  with  an  enormous  mass  of  water.  The 
baleen-plates  have  the  obvious  function  of  a  "  screening-appa- 
ratus." The  water  is  strained  through  the  niimerous  plates  of 
baleen,  and  all  the  minute  animals  which  it  contains  are  ar- 
rested and  collected  together  by  the  inner  fibrous  edges  of  the 
baleen -plates.  When,  by  a  repetition  of  this  process,  the 
Whale  has  accumulated  a  suflScient  quantity  of  food  within  the 
central  cavity  of  the  mouth,  it  is  enabled  to  swallow  it,  with- 
out taking  the  water  at  the  same  time. 

We  liave  now  to  speak  of  a  phenomenon  which  has  given 
rise  to  a  considerable  amount  of  controversy — namely,  what  is 
known  as  the  "blowing"  or  "spouting"  of  the  whale.  In  all 
the  CeUceans  the  nose  opens  by  a  single  or  double  aperture 
(the  latter  in  the  Balanida)  upon  the  top  of  the  head,  and 
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these  external  apertures  or  nostrils  are  known  as  the  "  blow- 
holes" or  "spiracles."  The  act  known  to  the  whalers  as 
"  blowing  "  consists  in  the  expulsion  from  the  blow-holes  of  a 
jet  of  what  is  apparently  water,  or  at  any  rate  looks  like  it.  The 
act  is  performed  by  the  whale  upon  rising  to  the  surface,  and 
it  is  usually  by  this  that  the  whereabouts  of  the  animal  is  dis- 
covered The  old  iiew  as  to  v,]  at  takes  place  m  the  act  of 
blowing  13  that  the  whale  is  really  occupied  m  getting  rid  of 
the  surplus  water  which  it  has  taken  in  at  the  mouth  and 
strained  through  the  baleen  plates  The  modern  and  doubt- 
tess  correct  view  how  ever  is  that  the  water  whit.h  his  been 
strained  through  the  baleen  reillj  makes  its  esrape  at  the  side 


of  the  mouth,  and  does  not  enter  the  pharynx  to  be  expelled 
through  the  nose.  Upon  this  view  the  apparent  column  of 
water  emitted  from  the  blow-holes  in  the  act  of  blowing  con- 
sists really  of  the  expired  air  from  the  lungs,  the  contained 
watery  vapour  of  which  is  suddenly  condensed  on  its  entrance 
into  the  cold  atmosphere.  With  the  expired  air  there  may  be 
such  water  as  may  have  gained  access  to  the  nose  through  the 
blow-hole,  for  the  expulsion  of  which  proper  provision  exists 
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in  the  form  of  muscular  diverticula  of  the  nasal  cavity.  It  is 
also  possible  that  the  column  of  air  in  being  forcibly  expelled 
from  the  biow-hoie  may  take  up  with  it  some  of  the  superin- 
cumbent water. 

The  skin  in  the  Eight  Whale  is  perfectly  smooth  and  naked, 
but  it  is  underlaid  by  a  thick  layer  of  subcutaneous  fat,  which 
varies  from  eight  to  fifteen  inches  in  thickness,  and  is  known 
as  the  "blubber."  The  blubber  serves  partly  to  give  buoy- 
ancy to  the  body,  but  more  especially  to  protect  the  animal 
against  the  extreme  cold  of  the  medium  in  which  it  lives.  It 
is  the  blubber  which  is  chiefly  the  object  of  the  whale-fishery, 
as  it  yields  the  whaie-oil  of  commerce. 

The  whale  which  is  captured  in  the  Antarctic  regions  is  not 
the  same  species  as  the  Greenland  Whale,  and  is  termed  the 
BalcRtia  australis.  It  is  much  about  the  size  of  the  Right 
Whale,  averaging  about  fifty  feet,  but  the  head  is  proportion- 
ately smaller.  This  whale  is  an  inhabitant  of  the  greater  part 
of  the  Pacific  out  of  the  regions  of  the  tropics  ;  but  it  is  chiefly 
captured  when  approaching  land,  which  the  females  do  for  the 
purpose  of  bringing  forth  tlieir  young. 

The  only  remaining  members  of  the  Balanidm  which  require 
notice  are  the  Rorquals  and  Hump-backed  Whales,  constitut- 
ing the  group  of  the  "  Furrowed  "  Whales.  These  are  collec- 
tively distinguished  by  having  the  skin  fuiTOwed  or  plaited  to 
a  greater  or  less  extent,  whilst  the  baleen-plates  are  short,  and 
there  is  a  dorsal  fin.  The  specific  determination  of  these 
animals  is  a  matter  of  great  difficulty,  but  there  would  appear 
to  be  probably  three  well-marked  genera: — i.  The  genus 
Megaptera,  including  the  so-called  Hump-backed  Whales,  in 
which  the  flippers  are  of  great  length,  from  one-third  to  one- 
fifth  of  the  entire  length  of  the  body.  z.  The  genus  Balmnop- 
tera,  comprising  the  so-called  Rorquals  or  Piked  Whales,  in 
which  the  flippers  are  of  moderate  size.  3.  The  Tinner 
Whales  proper  {Physalus), 

In  all  these  genera  there  is  a  dorsal  adipose  fin,  so  that  they 
are  all  "Finner"  Whales.  The  Balanofitrm  reach  a  gigantic 
size,  being  sometimes  as  much  as  eighty  or  one  hundred  feet 
in  length.  They  are  very  active  animals,  however,  and  their 
whalebone  is  comparatively  ^'alueless,  so  that  the  whalers 
rarely  meddle  with  them,  though  they  are  not  uncommon,  and 
are  often  driven  ashore  on  our  own  coasts. 

Fam.  2.  Catodontida. — The  family  of  the  Calodontida  or 
Physeteridm  comprises  the  Sperm  Whales  or  Cachalots,  with 
which  we  commence  the  series  of  the  Toothed  Whales  {Odon- 
toceti).     They  are  characterised  by  the  fact  that  the  palate  is 
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dfslitute  of  baleen  plates,  and  tlie  lower  jaw  possesses  a  series 
(about  fifty-four)  of  pointed  conical  teeth,  separated  by  inter- 
vals, and  sunk  in  a  common  alveolar  groove,  which  is  only  im- 
perfectly divided  by  septa.  The  upper  jaw  is  also  in  reality 
furnished  with  teeth,  but,  with  a  single  partial  exception,  these 
do  not  cut  the  gum. 


The  best-known  species  of  this  family  is  the  great  Cachalot 
or  Spermaceti  Whale  {Physeter  macrocephalus,  fig.  213).  This 
animal  is  of  enormous  size,  averaging  from  fifty  to  seventy  feet 
in  length  but  the  females  are  a  good  deal  smaller  than  the 
males  I  lie  head  is  disproportionately  large,  as  in  the  BaUe?i- 
tla  furmm^  nearly  one-tiiird  of  the  entire  length  of  the  body. 
The  sno  It  forms  a  broad  truncated  muzzle,  and  the  nostrils 
ire  placed  near  the  front  margin  of  this.  The  Sperm  Whales 
live  together  m  troops  or  "  schools,"  and  they  are  found  in 
v-inous  seas,  c'^pecially  in  the  North  Pacific.  They  are  largely 
sought  after,  chiefly  for  the  substance  known  as  "spermaceti;" 
but  besides  this  they  yield  oil  and  the  singular  body  called 
"  ambergris."  The  spermaceti  is  a  fatty  substance,  which  has 
the  power  of  concreting  when  exposed  to  the  air,  being  in  life 
a  clear  white  oily  liquid.  It  is  not  only  diffused  through  the 
entire  blubber,  but  is  also  contained  in  special  cavities  of  the 
head.  The  sperm-oil  yielded  by  the  blubber  is  exceedingly 
pure,  and  is  free  from  the  unpleasant  odour  of  ordinary  whale- 
oil.  The  ambergris  is  a  peculiar  substance  which  is  found  in 
masses  in  the  intestme  and  is  probably  of  the  nature  of  a 
biliary  calculus  since  it  is  said  to  be  composed  of  a  substance 
very  nearly  allied  to  cholesterine.  It  is  tised  both  as  a  per- 
fume itself  and  to  mix  with  other  perfumes, 

Fam.  3  Delphtm  ia  — This  family  includes  the  Dolphins,  Por 
poises,  and  Nirwhal,  and  is  characterised  by  usually  possessing 
teeth  in  both  jaws  :  the  teeth  being  numerous,  and  conical  in 
shape.  The  nostrils,  as  in  the  last  family,  are  united,  but  they 
are  placed  further  back,  upon  the  top  of  the  head.  The  single 
blow-hote  or  nostril  is  transverse  and  mostly  crescentic  or  lunate 
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in  shape.  The  head  is  by  no  means  so  disproportionately  large 
as  in  the  former  famihes,  usually  forming  about  one-seventh  of 
the  entire  length  of  the  body. 


T]\t  most  noticeable  members  of  this  family  are  the  true 
Dolphins,  the  Pcrpoises,  and  the  Nanvhal. 

The  Dolphins  have  an  elongated  snout,  separated  from  the 
head  by  a  transverse  depression.  Tlie  common  Doljihin  (De/- 
phinus  delphis,  fig.  214)  is  the  best-known  species.  It  aver- 
ages from  six  to  eight  feet  in  length,  and  has  the  habit  of  swim- 
ming in  flocks,  often  accompanying  ships  for  many  miles.  The 
female,  like  most  of  the  Cetacea,  is  uniparous.  The  Dolphin 
occurs  commonly  in  all  European  seas,  and  is  especially  abun- 
dant in  the  Mediterranean. 

The  common  Porpoise  {Phocmna  communis)  is  the  commonest 
and  smallest  of  all  the  Cetacea,  rarely  exceeding  four  feet  in 
length.  The  head  is  blunt,  and  is  not  produced  into  a  pro- 
jecting muzzle.  The  Porpoise  frequents  the  North  Sea,  and  is 
commonly  seen  off  our  coasts.  Another  British  species  is  the 
Grampus  {Pfwcmna  orcd),  but  this  is  much  larger,  attaining  a 
length  of  from  eighteen  to  twenty  feet.  Nearly  allied  to  the 
Grampus  is  the  so-called  "Caing"  Whale,  or,  as  it  is  some- 
times termed,  the  "Bottle-nosed"  Whale  {Globicephalus  or 
Phocana  globkeps).  This  species  occurs  not  uncommonly 
round  the  Orkney  and  Shetland  Islands,  and  attains  a  length 
of  as  much  as  twenty-four  feet.  It  is  gregarious  in  its  habits, 
and  is  often  killed  for  the  sake  of  its  oil. 

Closely  allied  to  the  true  Dolphins  are  two  curious  Cetaceans, 
belonging  to  different  genera,  but  both  inhabiting  fresh  waters. 
One  of  these  is  the  (Jangetic  Dolphin  {Platanista  Gangetica), 
which  inhabits  the  Ganges,  especially  near  its  mouth.  This 
singular  animal  is  characterised  by  the  great  length  of  its 
slender  muzzle,  and  by  the  small  size  of  the  eyes.  It  attains 
the  length  of  seven  feet,  and  the  blow-hole  is  a  longitudinal 
iissure,  and  therefore   quite  unlike  that  of  the  typical  Dei- 
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phinitla.  The  other  fresh-water  form  is  the  Inia  Boitviensis, 
which  inhabits  the  rivers  of  Bolivia,  and  is  found  at  a  distance 
of  more  than  two  thousand  miles  from  the  sea.  In  its  essential 
characters  it  differs  little  from  its  marine  brethren,  and  it 
attains  a  length  of  from  seven  (female)  to  fourteen  feet  (male). 
The  last  of  the  Delphinidm  is  the  extraordinary  Narwhal  or 
Sea-unicorn  {Monodon  monoceros).  The  Narwhal  is  an  inhabi- 
tant of  the  Arctic  seas,  and  attains  a  length  of  as  much  as 
fifteen  feet,  counting  in  the  body  alone.  The  dentition,  how- 
ever, is  what  constitutes  the  great  peculiarity  of  the  Narwhal. 
The  lower  jaw  is  altogether  destitute  of  teeth,  and  the  upper 
jaw  in  the  females  also  exhibits  no  teeth  externally,  as  a  general 
rule  at  any  rate,  though  there  are  two  rudimentary  incisors 
which  do  not  cut  the  guml  In  the  males,  the  lower  jaw  is 
likewise  edentulous,  but  the  upper  jaw  is  furnished  with  two 
molar  teeth  concealed  in  the  gum,  and  with  two  incisors.  Of 
these  two  upper  incisors,  that  of  the  right  side  is  generally 
rudimentary,  and  is  concealed  trom  view.  The  left  upper 
incisor,  on  the  other  hand,  is  developed  from  a  permanent 
pulp,  and  grows  to  an  enormous  size,,  continuing  to  increase 
in  length  throughout  the  life  of  the  animal.  It  foims  a  tusk  of 
from  eight  to  ten  feet  in  length,  and  it  has  its  entire  surface 
spirally  twisted.  As  an  abnormality,  both  the  upper  incisors 
may  be  developed  in  this  way  so  as  to  form  projecting  tusks ; 
and  it  is  stated  that  the  tusk  is  occasionaily  present  in  the 
female.  The  function  of  this  extraordinary  tooth  is  doubtless 
offensive. 


CHAPTER  LXXVII. 

UNGULATA. 

Order  VT.  UnGulata.^ — The  order  of  the  t'^/^jv/ii/d,  or  Hoofed 
Quadrupeds,  is  one  of  the  largest  and  most  important  of  all  the 
divisions  of  the  Mammalh.  It  comprises  three  entire  old  orders 
— namely,  the  Pachyda-mata,  Solidungula,  and  Ruminantia, 

The  first  of  these  old  divisions — that  of  the  Pachydermata — 
included  the  Elephants,  Rhinoceros,  Hippopotamus,  Tapirs, 
and  the  Pigs,  all  characterised,  as  the  name  implies,  by  their 
thick  integuments.  The  name  is  still  used  to  express  this  fact, 
though  the  order  is  now  abandoned,  and  is  merged  with  that 
of  the  Ungulata;  the  Elephants  alone  being  removed  to  a 
separate  order  under  the  name  of  Prahoscidea. 


Hosled  by  Google 


532 


MANUAL   OF  ZOOLOGY. 


The  second  old  order — that  of  the  Solidungula  or  Solipedes 
—included  the  Horse,  Zebra,  and  Ass,  all  characterised  by  the 
fact  that  the  foot  terminates  in  a  single  toe,  encased  in  an 
expanded  hoof.  The  name  Solidutigula  is  still  retained  for 
these  animals,  as  a  section  of  tjie  Ungulata. 

The  third  old  order — that  of  the  Ruminantia — includes  al! 
those  animals,  such  as  Oxen,  Sheep,  Goats,  Camels,  Giraffes, 
Deer,  and  others,  which  chew  the  cud  or  "  ruminate,"  and  have 
two  functional  toes  to  each  foot,  encased  in  hoofs.  The  name 
Ruminantia  is  still  retained  for  these  animals,  as  constituting 
a  most  natural  group  of  the  Ungulata. 

All  these  various  animals,  then,  are  now  grouped  together 
into  the  single  order  of  the  Ungulata,  or  Hoofed  Quadrupeds, 
and  the  following  are  the  charactere  of  the  order  : — 

All  the  four  limbs  are  present,  and  tliat  portion  of  the  toe 
which  touches  tlie  ground  is  always  encased  in  a  greatly-ex- 


panded nail,  constituting  a  "  hoof"  There  are  never  more 
than  four  full-sized  toes  to  each  limb.  Owing  to  the  encase- 
ment of  the  toes  in  hoofs,  the  limbs  are  useless  for  prehension, 
and  only  subserve  locomotion  ;  hence  clavicles  are  always  want- 
ing in  the  entire  order.  There  are  always  two  sets  of  enamelled 
teeth,  so  that  the  animal  is  diphyodont.  The  molar  teeth  are 
massive  and  have  broad  crowns,  adapted  for  grinding  vegetable 
substances. 

The  order  Ungulata  is  divided  into  two  primary  sections  :— 
the  Perrissoilactyla,  hi  wiiich  the  toes  or  hoofs  are  odd  in  num- 
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ber  (ore  or  three),  and  the  Artiodadyla,  in  which  the  toes  are 
even  in  number  (two  or  four). 

Section  A.  Pekissodactvla. — The  section  of  the  Perisso- 
dactyle  Ungulates  includes  the-  Rhinoceros,  the  Tapirs,  the 
Horse  and  its  allies,  and  some  extinct  forms,  all  agreeing  in 
the  following  characters  :— 

The  hind-feet  are  odd-toed  in  all  (fig.  215,  A,  D),  and  the 
fore-feet  in  all  except  the  Tapirs.  The  dorso-lumbar  vertebrre 
are  never  less  than  twenty-two  in  number.  The  femur  has  a 
third  trochanter.  The  horns,  if  present,  are  not  paired. 
Usually  there  is  only  one  horn,  but  if  there  are  two,  these  are 
placed  in  the  middle  hne  of  the  head,  one  behind  the  other 
(fig.  zi6).  In  neither  case  are  the  horns  ever  supported  by 
bony  horn-cores.  The  stomach  is  simple,  and  is  not  divided 
into  several  compartments ;  and  there  is  a  large  and  capacious 
cfecum. 

The  three  existing  genera  of  Perissodactyle  Ungulates  — 
namely,  the  Horse,  Tapir,  and  Rhinoceros — are  widely  re- 
moved from  one  another  in  many  important  characters ;  but 
the  intervals  between  them  are  filled  up  by  an  extensive  series 
of  fossil  forms,  commencing  in  the  Lower  Tertiary  Strata. 

Fam  I.  Rhinocendis,—'T:\i\^  family  comprises  only  a  single 
genus,  the  genus  Rhinoceros,  unless,  indeed,  the  little  Hyrax 
is  to  be  retained  in  this  order.  The  Rhinoceroses  are  ex- 
tremely lat^e  and  bulky  brutes,  having  a  very  thick  skin,  which 
is  usually  thrown  into  deep  folds.      The  muzzle  is  rounded 

and  blunt,  and  there  are  ^—  molars,  with  tiiberculate  crowns. 

'  7—7 

There  are  no  canines,  biit  there  are  usually  incisor  teeth  in 
both  jaws.  The  skull  is  pyramidal,  and  the  nasal  bones  are 
enormously  developed.  The  feet  are  furnished  with  three  toes 
each,  encased  in  hoofs.  The  nasal  bones  support  one  or  two 
horns,  which  are  not  paired.  The  horn  is  composed  of  longi- 
tudinal fibres,  which  are  agglutinated  together,  and  are  of  the 
nature  of  epidermic  growths,  somewhat  analogous  to  hairs. 
When  two  horns  are  present,  the  hinder  one  is  carried  by  the 
frontal  bones,  and  is  placed  in  the  middle  line  of  the  head 
behind  the  anterior  horn.  The  posterior  horn  is  usually  much 
shorter  than  the  anterior  one ;  and  if  not,  it  differs  in  shape. 
The  Rhinoceroses  live  in  marshy  places,  and  subsist  chiefly  on 
the  foliage  of  trees.  They  are  exclusively  conlined  at  the  pre- 
sent day  to  the  warmer  parts  of  the  Old  World  ;  but  an  extinct 
species  (Rhinoceros  tichorhinus)  formerly  inhabited  England, 
and  ranged  over  the  greater  part  of  Europe.  Of  the  one- 
horned  species,  the  best  known  is  the  Indian  Rhinoceros  {R. 
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Indiois),  which  was  probably  the  "  Unicorn"  of  the  ancients, 
Another  species  with  one  horn  {Ji.  Sondaicus)  inhabits  Java, 
Of  the  two-horned  species,  one  {R.  Sumatremis)  is  found  in 
Sumatra,  and  is  remarkable  for  the  comparative  absence  of 
cutaneous  folds.  The  best  known,  however,  is  the  African 
Rhinoceros  {R.  bicotyiis),  which  occurs  abundantly  in  Cape 
Colony  and  in  the  southern  parts  of  the  African  continent 
(fig.  216.) 


Fam.  2.  Tapirida. — The  Tapirs  are  characterised  by  the 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
is  pyramidal,  like  that  of  the  pigs,  and  the  nasal  bones  project 
over  the  nasal  cavity.  The  skin  is  hairy  and  very  thick.  The 
tail  is  extremely  short  The  fore-feet  have  four  toes  each,  but 
these  are  unsjTM metrical  (the  little  toe  being  smaller  than  the 
rest  and  not  touching  the  ground),  and  the  hind-feet  have  only 
three  toes,  all  encased  in  hoofs.     TJie  jaws  are  furnished  with 


incisor  teeth,  (r^).  small 


molars. 


Three  species  of  Tapir  are  known,  of  which  the  most  fami- 
liar is  the  American  Tapir  {T.  Amerkanus),  which  inhabits  the 
vast  forests  of  South  America.  It  is  a  large  animal,  some' 
thing  like  a  pig  in  shape,  but  brownish  black  in  colour,  and 
having  a  mane.  It  is  nocturnal  in  its  habits,  and  is  strictly 
phytophagous.  The  proboscis  is  employed  in  conveying  the 
food  to  the  mouth,  and  the  nostrils  are  placed  at  its  extremity. 
It  attains  altogether  a  total  length  of  frotn  five  to  six  feet. 
Another  species,  with  longer  hair  (T.  viUosus),  inhabits  the 
Andes,  and  a  still  larger  species  ( T.  Ma/ayaniis  is  found  in 
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Sumatra  and  Malacca.  In  this  last,  there  is  no  mane,  and 
the  general  colour  is  black;  but  the  back,  rump,  and  sides  of 
the  belly  are  white. 

Nearly  allied  to  the  Tapirs  is  the  fossil  genus  Palmotheritim, 
found  in  the  Eocene  Rocks  of  France  and  other  countries. 
Many  species  of  die  genus  are  known,  all  seeming  to  have 
possesswi  a  short  proboscis  like  that  of  the  Tapirs.  All  the 
feet,  however,  were  tridactylous. 

Pam.  3.  Solidungiila  or  Equidte. — This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 
feet  have  only  a  single  perfect  toe  each,  enclosed  in  a  single 
broad  hoof,  without  supplementary  hoofs  (fig.  zi6.  A).  There 
is  a  discontinuous  series  of  teeth  in  each  jaw ;  and  in  the 
males,  canines  are  present,  but  these  are  wanting  in  the  females. 
The  dental  formula  is — 

,-3-3.  ,lr=i.  .™3^3_3-3^,„ 


The  skin  is  covered  with  hair,  and  the  neck  is  furnished 
with  a  mane. 

The  family  Eguidm  is  divided  by  Dr  Gray  into  tivo  sections 
or  genera :  Egniis,  comprising  the  Horse ;  and  Asinus,  com- 
prising the  Asses  and  Zebras. 

The  genus  Equus  is  distinguished  by  the  fact  that  the  animal 
is  not  banded,  and  has  no  dorsal  line  ;  both  the  fore  and  hind 
legs  have  warts,  and  the  tail  is  hairy  throughout.  The  genus 
appears  to  contain  no  more  than  one  well-marked  species,  as 
far  as  living  forms  are  concerned — namely,  the  Equus  caballus. 
From  this  single  species  appear  to  have  descended  all  the  in- 
numerable varieties  of  horses  which  are  employed  by  man. 
The  native  country  of  the  horse  appears  to  have  been  Central 
Asia,  but  al!  the  known  wild  individuals  at  the  present  day 
appear  to  be  descendants  of  domestic  breeds. 

The  genus  Asinus  is  characterised  by  the  fact  that  there  is 
always  a  distinct  dorsal  line,  and  the  body  is  more  or  less 
banded  ;  the  fore-legs  aJone  have  warts,  and  the  tail  has  a  tuft 
of  long  hairs  at  its  extremity.  The  Ass  is  probably  a  native 
of  Asia  (where  the  wild  Ass  is  at  present  a  native),  and  there 
appears  to  be  little  doubt  but  that  the  common  Ass  is  merely 
the  domesticated  form  of  the  wild  Ass  {Equus  onager).  An- 
other well-known  species  is  the  mule-like  "  Djiggetai "  {Asinus 
hemionus)  of  Central  Asia.  The  striped  members  of  this  sec- 
tion are  known  as  Zebras  and  Quaggas,  and  are  natives  of  the 
southern  parts  of  Africa. 

Section  B.  Artiodactvla.— In  this  section  of  the  Ungu- 
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lates  the  number  of  the  toes  is  even — either  two  or  four — and 
the  third  toe  in  each  foot  forms  a  symmetrical  pair  with  the 
fourth  (Fig.  215,  B,  C).  The  dorso-lumbar  vertebra;  are  nine- 
teen in  number,  and  there  is  no  third  trochanter  on  the  fcnrnr. 
If  true  horns  are  present,  these  are  always  in  pairs,  and  are 
supported  by  a  bony  horn-core.  The  antlers  of  the  Deer  are 
also  paired,  but  they  are  not  to  be  regarded  as  true  horns. 
The  stomach  is  always  more  or  less  complex,  or  is  divided 
into  separate  compartments,  and  the  oecum  is  comparatively 
small  and  simple. 

The  section  Artiodcutyla  comprises  the  Hippopotamus,  the 
Pigs,  and  the  whole  group  of  the  Ruminants,  including  Oxen, 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,  &c. 
Besides  these  there  is  an  extensive  series  of  fossil  forms  com- 
mencing in  the  Eocene  or  Lower  Tertiary  period,  and  in  many 
respects  filling  up  the  gaps  bet\yeen  the  living  forms. 

O  M.N' IVOR  A. 

1.  Hippopi>taniida.^T\(\s  group  contains  only  the  single 
genus  Tiippopoiamvs,  characterised  by  the  massive  heavy  body, 
the  short  blunt  muzzle,  the  large  head,  and  the  presence  of 

teeth  of  three  kinds  in  both  jaws.     The  incisors  are  ^^T  >  ^'** 

canines  extremely  large,   -~^,  and  the  molars,  til  or  -~— 
1— T  7—7        6-6' 

with  crowns  adapted  for  grinding  vegetable  substances.  The 
upper  canines  are  short,  but  the  lower  canines  are  in  the  form 
of  enormous  tusks,  with  a  chisel-shaped  edge.  The  feet  are 
massive,  and  are  terminated  by  four  hoofed  toes  each.  The 
eyes  and  cars  are  small,  and  the  skin  is  extremely  thick,  and 
is  furnished  with  few  hairs.     The  tail  is  very  short. 

Several  extinct  species  of  Hippopotamus  are  known,  but 
there  is  only  one  well-established  living  form,  the  Hippopo- 
tamus amphihias  or  River-horse,  and  this  is  confined  to  the 
African  continent.  It  is  an  enormously  bulky  and  unwieldy 
animal,  reaching  a  length  of  eleven  or  twelve  feet.  It  is  noc- 
turnal in  its  habits,  living  upon  grass  and  small  shrubs,  and  it 
swims  and  dives  with  great  facility.  It  is  found  in  tolerable 
abundance  in  the  rivers  of  Abyssinia,  and  occurs  plentifully 
in  South  Africa.  Another  supposed  species  {H  Liberie7ms) 
occurs  on  the  west  coast  of  Africa,  but  there  is  some  doubt  as 
to  the  specific  distinctness  of  this. 

2.  Suiila. — The  group  of  the  Suida,  comprising  the  Pigs, 
Hogs,  and  Peccaries,  is  very  closely  allied  to  the  preceding; 
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but  the  feet  have  only  two  functional  toes,  the  other  two  toes 
being  much  shorter,  and  hardly  touching  the  ground.  All  the 
three  kinds  of  teeth  are  present,  but  they  vary  a  good  deal. 
The  canines  always  are  very  lai^e,  and  in  the  males  they  usu- 
ally constitute  formidable  tusks  projecting  from  the  sides  of 
the  mouth.  The  incisors  are  variable,  but  the  lower  ones  are 
always  inclined  forwards.      The  molars  vary  from  three  to 

seven  on  each  side  of  the  mouth  ( or ).     The  stom- 

ach  is  mostly  slightly  divided,  and  is  not  nearly  so  complex  as 
in  the  Ruminants.  'Ihe  snout  is  truncated  and  cylindrica], 
titted  for  turning  up  the  ground,  and  is  capable  of  consider- 
able movement.  The  skin  is  more  or  less  abundantly  covered 
with  hair,  and  the  tail  is  very  short,  or  represented  only  by  a 
tubercle. 

Of  the  true  Swine,  the  best  known  and  most  important  is  the 
Wild  Boar  {Sus  scrofd),  from  which  it  is  probable  that  all  our 
domestic  varieties  of  swine  have  sprung.  The  Wild  Boar 
formerly  inhabited  this  country,  and  is  still  abundant  in  many 
of  the  forests  of  Europe.  It  is  often  hunted,  and  the  size  and 
sharpness  of  its  canines  render  it  a  tolerably  formidable  adver- 
sary, as  is  also  its  congener,  the  Indian  Hog  (Sus  Indicus). 
Another  curious  form,  closely  related  to  the  Wild  Boar,  is  the 
BabjToussa  {Bus  Babyrussd),  which  inhabits  the  Malayan  Pen- 
insula, and  some  of  the  islands  of  the  Indian  Archipelago.  It 
is  remarkable  for  the  great  size  and  backward  curvature  of  the 
upper  canines.  The  upper  canines  pierce  the  upper  lip  in  the 
males,  and  their  alveoli  are  directed  upwards.  The  legs  are 
very  long  and  slender;  hence  the  name  "Hog-deer"  some- 
times applied  to  it 

The  African  Wart-hogs,  forming  the  genus  Phacochmrus,  are 
distinguished  by  having  a  fleshy  wart  under  each  eye.  They 
inhabit  Abyssinia,  the  Guinea  coast,  and  other  parts  of  Africa. 

The  American  Peccaries  {Dicotyles)  represent  the  Swine  of 
the  Old  World.  They  are  singular  for  having  only  three  toes 
on  the  hind-feet,  the  outer  of  the  two  supplemental  hoofs  being 
wanting.  The  canines  are  not  exserted,  there  is  no  tail,  and 
there  is  a  glandular  pouch  on  the  loins  secreting  a  fetid  fluid. 
They  are  exclusively  confined  to  America,  and  the  commonest 
species  is  the  Collared  Peccary  {Dkotyles  torquaius).  They 
are  not  at  all  unlike  small  pigs  either  in  their  appearance  or 
in  their  habits,  and  they  are  gregarious,  generally  occurring  in 
small  flocks. 

Forming  a  kind  of  transition  between  the  Swine  and  the  true 
Ruminants,  is  the  extinct  group  of  the  Anophtherida,  from  the 
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Lower  Tertiary  Rocks.  The  Anoplotkeria  were  slender  in 
form,  with  long  tails,  and  feet  terminated  by  two  hoofed  toes 
each,  sometimes  with  small  accessory  hoofs.  The  dentition 
consisted  of  six  incisors  in  each  jaw,  smal!  canines  not  larger 
than  the  incisors,  and  seven  molars  on  each  side,  there  being 
no  interval  or  diastema  between  the  molars  and  the  c 


The  last  section  of  the  Artiodactyle  Ungulates  is  the  great 
and  natural  group  of  the  Rumiitaiitia,  or  Ruminant  animals. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following  char- 

Tiie  foot  is  what  is  called  "cloven,"  consisting  of  a  symmet- 
rical pa'  of  toes  e  ca  ed  "n  1  oofs  and  looking  as  if  produced 
by  the  spl  tt  ng  nto  t  vo  equal  pa  ts  of  a  single  hoof.  In  addi- 
t  on  to  these  f  net  onal  toes  there  are  sometimes  two  smaller 
s  pplementary  hoofs  placed  at  the  back  of  the  foot.  The 
metacarpal  bo  es  of  tl  e  two  funct  onal  toes  cf  the  fore-limb, 
and  the  n  etatarsal  bones  of  the  same  toes  of  the  hind-limb, 
coalesce  to  form  a  s  gle  bone  k.no  vn  as  the  "  carmn-bone." 
The  stomacl  s  complex  and  s  d  v  ded  into  several  compart- 
n  ents  th  s  be  ng  in  acco  dance  w  h  their  mode  of  eating, 
I  ej  all  nan  ely  r  m  nate  or  chew  the  cud  " — that  is  to  say, 
they  first  swallow  the  r  food  in  an  unmasticated  or  partially- 
masticated  condition,  and  then  bring  it  up  again,  after  a  longer 
or  shorter  time,  in  order  to  chew  it  thoroughly. 

This  process  of  rumination  is  so  characteristic  of  this  group, 
that  it  will  be  necessary  to  describe  the  structure  of  the 
stomach,  as  showing  the  mechani-m  by  which  this  singular 
process  is  effected.  The  stomach  (fig.  217)  is  divided  into 
four  compartments,  which  ire  usuiUy  so  distinct  from  one 
another  that  they  have  generally  been  spoken  of  as  so  many 
separate  stomachs.  The  gullet  opens  at  a  point  situated 
between  the  first  and  second  of  these  cavities  or  "stomachs." 
Of  these  the  largest  lies  on  the  left  side,  and  is  caOed  the 
"  rumen"  or  "  paunch  "  (fig.  2 1 7,  r).  This  is  a  cavity  of  very 
large  capacity,  having  its  interior  furnished  with  numerous 
hard  papillse  or  warts.  It  is  the  chamber  into  which  the  food 
is  first  received  when  it  is  swallowed,  and  here  it  is  moistened 
and  allowed  to  soak  for  some  time.  The  second  stomach, 
placed  to  the  right  of  the  paunch,  is  much  smaller,  and  is 
known  as  the  "reticulum"  or  "honeycomb-bag"  ih).  Its 
inner  surface  is   reticulated,  or  is  divided  by  ridges  into  a 
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number  of  hexagonal  or  many-sided  cells,  somewhat  resem- 
bling the  cells  of  a  honeycomb.  The  reticulum  is  small  and 
globular,  and  it  receives  the  food  after  it  has  lain  a  sufficient 
time  in  the  paunch.  The  function  of  the  reticuhmi  is  to  com- 
press the  partially-masticated  food  into  little  balls  or  pellets, 
which  are  then  returned  to  the  mouth  by  a  reversed  action  of 
the  muscles  of  the  cesophagus.  After  having  been  thoroughly 
chewed  and  prepared  for  digestion,  the  food  is  swallowed  for 
the  second  time.  On  this  occasion,  however,  the  triturated 
food  passes  on  into  the  third  cavity  (Ji),  which  is  variously 
known  as  the  "psalterium,"  "  omasum,"  or  (&o#«'i)  the  "many- 
plies."  The  vernacular  and  the  first  of  these  technical  names 
both  refer  to  the  fact  that  the  inner  lining  of  this  cavity  is 
thrown  into  a  number  of  longitudinal  folds,  which  are  so  close 
as  to  resemble  the  leaves  of  a  book.  The  psalterium  opens 
by  a  wide  aperture  into  the  fourth  and  last  cavity,  the  "  abo- 
masum"  (a),  both  appearing  to  be  divisions  of  the  pyloric 


F«.« 


i.-itManypLies 


portion  of  the  stomach.  The  mucous  membrane  of  the  abo- 
masum  is  thrown  into  a  few  longitudinal  folds,  and  it  secretes 
the  true  acid  gastric  juice.  It  terminates,  of  course,  in  the 
commencement  of  the  small  intestine — i.e.,  the  duodenum. 
The  intestinal  canal  of  Ruminants,  as  in  most  aiiimals  which 
live  exclusively  upon  a  vegetable  diet,  is  of  great  relative 
length. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  great  and  as  distinctive  as  those  to  be  derived  from  the 
digestive  system.  In  the  typical  Ruminants  {e.g..  Oxen,  Sheep, 
Antelopes)  there  are  no  incisor  teeth  in  the  upper  jaw,  their 
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place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  218).  There  are  also 
no  upper  canine  teeth,  and  the  only  teeth  in  the  upper  jaw 
are  six  molars  on  each  side.  In  the  front  of  the  lower  jaw  is 
a  continuous  and  uninterrupted  series  of  eight  teeth,  of  which 
the  central  six  are  incisors,  and  the  two  outer  ones  are  re- 
garded by  Owen  as  being  canines.  Upon  this  view,  canine 
teeth  are  present  in  the  lower  jaw  of  the  typical  Ruminants, 
and  they  are  only  remarkable  for  being  placed  in  the  same 
series  as  the  incisors,  which  they  altogether  resemble.in  shape, 
size,  and  direction.     Behind  this  continuous  series  of  eight 


teeth  in  the  lower  jaw,  there  is  a  vacant  space,  which  is  fol- 
lowed behind  by  six  molars  on  each  side.  The  prtemolars 
and  molars  have  their  grinding -surfaces  marked  with  two 
double  crescents,  the  convexities  of  which  are  turned  inwards 
in  the  upper,  and  outwards  in  the  lower  teeth. 
The  dental  formula,  then,  for  a  typical  Ruminant  animal,  is — 


„  3—3 


32- 


The  departures  from  this  typical  formula  occur  in  the  CameUda 
and  in  some  of  the  Deer.  Most  of  the  Deer  conform  in  their 
dentition  to  the  above  formula,  but  a  few  forms  {e.g.,  the 
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Musk-deer)  have  canme  teeth  in  the  upper  jaw.  These  upper 
canines,  however,  are  mostly  confined  to  the  rnales ;  and  if 
they  occur  in  the  females,  they  are  of  a  small  size.  The  den- 
tition of  the  Camelida  (Camels  and  Llamas)  is  still  more  aber- 
rant, there  being  two  canine-like  upper  incisors  and  upper 
canines  as  well.  The  lower  canines  also  are  more  pointed 
and  stand  more  erect  than  the  lower  incisors,  so  that  they 
are  easily  recognisable.  The  group  of  the  Ruminantia  in- 
cludes the  families  of  the  Camdidm  (Camels  and  Llamas),  the 
Mosckidee  (Musk-deer),  the  Cervuim  (Deer),  the  Camelopard- 
alidce  (Giraffe),  and  the  Ceevicornia  (Oxen,  Sheep,  Goats,  An- 
telopes). 

a.  Camelidm. — The  Camels  and  Llamas  constitute  in  many 
respects  an  aberrant  group  of  the  Ruminantia,  especially  in 
their  dentition,  the  peculiarities  of  which  have  been  spoken  of 
above,  and  need  not  be  repeated  here.  In  their  feet,  too,  the 
Camelida  are  peculiar.  The  feet  are  long  and  terminate  in 
on!y  two  toes,  which  are  covered  by  an  imperfect  nail-hke 
hoof,  covering  no  more  than  the  upper  surface  of  each  toe. 
The  two  hinder  supplementary  toes,  which  are  mostly  pre- 
sent in  the  Ruminants,  are  here  altogether  wanting ;  and  tlie 
soles  of  the  feet  are  covered  by  a  callous  horny  integument, 
by  which  the  two  toes  of  each  foot  are  conjoined,  and  upon 
which  the  animal  walks.  The  head  in  all  the  CamsUda  is 
destitute  of  horns,  and  the  nostrils  can  be  closed  at  the  will  of 
the  animal. 

The  true  Camels  are  peculiar  to  Asia  and  Africa,  and  two 
species  are  known,  distinguished  from  one  another  by  the 
possession  ofa  double  or  smgle  adipose  hump  on  the  back. 
The  African  or  Arabian  Camel  {Camdus Drmiedarius)  is  often 
called    h     D         d  ry       d  has       !)  b      p  on  its  back 

The  tw    t  t   1 1  g  th     by  th       11        ole ;  and  the 

diest,    hid  dk  fmhdvil      allous  pads, 

upon  wh    h   th  y    eet     h       th  y  1      d  The   hump  is 

almost  t  Ij  mp  d  f  f  t  d  [  p  t  act  as  a  kind 
of  reser  pply    f  f     i  d       d  m    ish  much  in 

size  up       1     g  ]     m  y        11     C       1  Ik      se  support  a 

very  pr  1     g  d  p  ft  th     p        h  is  furnished 

with  la  g       11       h    h  tl  1  fill      h        t  has  access  to 

water,  a  d  th  k  f      bseq        ly  as  occasion  may 

require      Tl        m  f  tl      C        I     i  pt     t    dmirably  for 

locomot  tl  dy  d       t      fA    b  d  Africa;  and  as 

it  is  ve  y  1  !  d  d  t  |  d  t  Im  t  exchisivelj- 
employ  d        a- 1       t     f  b    d  t!  t         in  which  it 

occurs. 
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The  Bactrlan  Camel  (C.  Bactrianus)  is  distinguished  by  the 
possession  of  two  humps ;  but  in  other  respects  it  does  not 
differ  from  the  Dromedary.  The  two  species  are  said  to 
breed  together,  and  the  hybrid  ofispring  is  stated  to  be  occa- 
sionally fertile.  The  place  of  the  Camels  is  taken  in  the  New 
World  by  the  Llama  and  Alpaca,  with  two  other  nearly-allied 
forms.  These  animals  form  the  genus  Auchmia,  and  are  in 
many  respects  similar  to  the  true  Camels.  They  are  distin- 
guished, however,  by  having  no  hump  upon  the  back,  and  by 
the  fact  that  the  two  toes  are  not  conjoined  and  supported  by 
a  callous  pad,  as  in  the  Camels,  but  are  separate,  with  separate 
pads,  and  with  strong  curved  nails.  -The  neck  is  long  and 
the  head  comparatively  m  11  h'l  t  tl  pp  I'p  '  m  b'l 
and  deeply  cleft  verti    Uy     Th    LI  h    fly  f       d  n 

Peru  and  Chili,  and  c       d      bl     d  h 

ber  of  species.     They  1  fl     k  ta  g 

and  are  much  smalle      h        h     C       1  Th      ru 

Llama  is  kept  as  a  dom      ca    d        ml        1        d  b  as 

of  burden.     The  Alpa  11  II       1    n    I      LI  d 

is  not  very  unlike  a  sh    p    1         gig         !'>  I 

partially  domesticated,      d    h  1    g   j    mp       d 

Europe. 

b.  Mosehidm.~1\i!t  dgp        h        fhlSkd 

characterised  by  the  t  f  h  b    h  d 

by  the  presence  of  ca  b    1  h  h         p 

jaw  being  in  the  form    f       k  b      b  I 

smaller  in  the  females. 

The  true  Musk-deer  {Moschus  moschiferus)  is  an  elegant 
little  animal,  which  inhabits  the  elevated  plains  of  central 
Asia.  It  is  remarkable  for  the  fact  that  the  male  has  a  glan- 
dular sac  on  the  abdomen,  by  which  the  well-known  perfume, 
musk,  is  secreted.  The  musk-gland  is  wanting  in  the  Napu 
{Moschus  Javanicus)  of  Java,  and  also  in  the  little  Kancliil 
(Tragulus  pygmxus),  which  is  the  smallest  of  living  Ruminants. 

e.  Cervida. — This  family  is  of  much  greater  importance  than 
that  of  the  Moschidm,  including  as  it  does  all  the  true  Deer. 
They  are  distinguished  from  the  other  Ruminants  chiefly  by 
the  nature  of  the  horns.  With  the  single  exception  of  the 
Reindeer,  these  appendages  are  confined  to  the  males  amongst 
the  Cervidm,  and  do  not  occur  in  the  females.  They  do  not 
consist,  as  in  the  succeeding  group,  of  a  hollow  sheath  of  hoiii 
surrounding  a  central  bony  core,  nor  are  they  permanently  re- 
tained by  the  animal.  On  the  other  hand,  the  horns— -or,  as 
they  are  more  properly  caHed,  the  ant/ers^oi  the  Cervidm  are 
deciduous,  and  are  solid.     They  are  bony  throughout,  and  are 
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usually  more  or  less  branched  (fig.  219),  and  they  are  annually 
shed  and  annually  reproduced  at  the  breeding  season.  "  They 
increase  in  siae  and  in  the  number  of  branches  every  time  they 
are  reproduced,  until  in  the  old  males  they  may  attain  an  en- 
ormous size.  The  first  time  they  are  produced,  the  horns  are 
in  the  fiDrm  of  simple  cylindrical  shafts ;  the  second  year's 
hoins  have  one  or  two  "  tynes,"  and  so  on.  The  antlers  are 
carried  upon  the  frontal  bone,  and  are  produced  by  a  process 
not  at  all  unlike  that  by  which  injuries  of  osseous  structures 
are  made  good  in  man.    At  first  the  antlers  are  covered  with  a 


sensitive  hairy  skin  ;  but  as  development  proceeds,  the  vessels 
of  the  skin  are  gradually  obliterated,  and  the  skin  dies  and  peels 
o£  In  all  the  Deer  there  is  a  sebaceous  gland,  called  the 
"  lachrymal  sinus,"  or  "  larmier,"  which  is  placed  beneath  each 
eye,  and  secretes  a  strongly-smelling  waxy  substance. 

The  CervidiE  are  very  generally  distributed,  but  no  member 
of  the  group  has  hitherto  been  discovered  in  cither  Australia 
or  South  Africa,  their  place  in  the  latter  continent  seeming  to 
be  taken  by  the  nearly-allied  Antelopes  (distinguished  by  their 
hollow  horns). 
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Veiy  many  species  of  Cervidm  are  known,  and  it  is  not  pos- 
sible to  allude  to  more  than  two  or  three  of  the  more  familiar 
and  important  forms.  Three  species  occur  in  Britain — namely, 
the  Roebuck,  Red-deer,  and  Fallow-deer,  the  last  being  a 
doubtful  native.  The  Roebuck  ( Cix//w/w  £apraa)yii3s  once 
very  generally  distributed  over  Britain,  but  is  almost  confined 
to  the  wilder  parts  of  Scotland  at  the  present  day.  It  is  of 
small  size,  and  the  boras  are  without  brow-tynes,  and  are 
of  small  size,  with  three  terminal  branches.  The  Red-deer, 
or  Stag  i^Cervus  elephus)  is  a  much  larger  species,  with  well- 
developed  spreading  antlers.  The  Red-deer  of  Britain  is  re- 
presented in  North  America  by  a  still  larger  species,  known  as 
the  Wapiti  {Cervus  Canadensis). 

The  third  British  species  is  the  Falloiv-deer  {Dama  pIatyceros\ 
characterised  by  the  fact  that  the  antlers  are  palmated — that 
is,  dilated  towards  their  extremities.  It  is  a  doubtful  native, 
and  is  never  found  in  a  wild  state  at  the  present  day.  Allied 
to  the  Fallow-deer  is  a  gigantic  extinct  species,  the  Me^aceros 
Hibermats,  which  inhabited  Ireland,  the  Isle  of  Man,  Scot- 
land, and  probably  the  greater  part  of  Europe,  up  to  a  com- 
paratively modern  date,  probably  having  survived  into  the 
human  period.  It  is  often,  but  incorrectly,  spoken  of  as  the 
Irish  "  Elk,"  but  it  is  really  a  genuine  Stag.  The  animal  was 
of  very  great  size,  and  was  furnished  with  enormous  spreading 
and  palmate  antlers,  which  measure  from  ten  to  twelve  feet 
between  the  tips. 

Of  all  the  Deer,  the  largest  living  form  is  the  true  F.Ik  {Alecs 
palmatus),  which  is  generally  distributed  over  the  northern 
parts  of  Europe,  Asia,  and  America,  being  often  spoken  of  as 
the  Moose.  The  antlers  in  the  Elk  are  of  a  very  large  size,  and 
are  very  broad,  terminating  in  a  series  of  points  along  their 
outer  edges. 

The  only  completely  domesticated  member  of  the  Ctrviihe 
is  the  Reindeer  {Cervus  tarandus\  which  is  remarkable  for 
the  fact  tliat  the  female  is  furnished  with  antlers  similar  to,  but 
smaller  than,  those  of  the  males.  At  the  present  day  the  Rein- 
deer is  exclusively  confined  to  the  extreme  north  of  Europe  and 
Asia,  abounding  especially  in  Lapland.  Remains,  however,  of 
the  Reindeer  are  knowntooccuroverthegreaterpart  of  Europe, 
extending  as  far  south,  at  any  rate,  as  the  Alps,  and  occurring 
also  in  Britain.  From  this  fact,  taken  along  with  many  others, 
the  existence  of  an  extremely  cold  climate  over  the  greater 
part  of  Europe  at  a  comparatively  recent  period  may  be  safely 
inferred.  The  Reindeer  lives  chiefly  upon  moss  and  a  pecu- 
liar kind  of  lichen  {Lichen  rangiferina),  and  they  are  exten- 
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sivdy  used  by  tne  Laplanders  both  a,s  beasts  of  burden  and  as 
supplying  food. 

'I'he  so-called  "  Brockets,"  such  as  the  Guazu-pita  (Snbuia 
riifits)  of  South  America,  have  simple  horns  in  the  form  of  a 
stiletto.  Lastly,  the  singular  Muntjak  of  Java  has  the  homs 
supported  on  long  bony  pedicles  springing  from  the  frontal 
bone;  and  the  males  have  large  upper  canines. 

d.  Cameiopardalida.  —  This  family  includes  only  a  single 
living  animal^the  Catitelopardalis  Giraffd,  or  GiralFe — some- 
times called  the  Camelopard,  from  the  fact  that  the  skin  is 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
gives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
upper  canines  in  the  Giratfe,  and  both  sexes  possess  two  small 
frontal  horns,  which,  however,  are  persistent,  and  remain  per- 
manently covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
stiff  bristles.  The  neck  is  of  extraordinary  length,  but,  never- 
theless, consists  of  no  more  than  the  normal  seven  cervical 
vertebrae.  The  fore-legs  appear  to  be  much  longer  than  the 
hind-legs,  and  all  are  terminated  by  two  toes  each,  the  supple- 
mentary toes  being  altogether  wanting.  The  tongue  is  very 
long  ''■Hd  movable,  and  is  employed  in  stripping  leaves  off  the 
trees.  The  Giraffe  is  the  largest  of  all  the  Ruminants,  measur- 
ing as  much  as  from  fifteen  to  eighteen  feet  in  height.  It  is  a 
harmless  and  inoffensive  animal,  but  defends  itself  very  eflectu- 
ally,  if  attacked,  by  kicking.  It  is  found  in  Nubia,  Abyssinia, 
and  the  Cape  of  Good  Hope. 

Remains  of  gigantic  Ruminants  allied  to  the  Giraffe  have 
been  found  in  France  and  Greece  {HelladotJia-ium) ;  but  the 
Sivaiherium,  sometimes  referred  to  this  family,  appears  to  have 
been  more  nearly  allied  to  the  true  Antelopes. 

e.  Cavkarnia.—The  last  family  of  the  Ruminants  is  that  of 
the  Cavicornia  or  Bovidte,  comprising  the  Oxen,  Sheep,  (ioats, 
and  Antelopes,  This  family  includes  the  most  typical  Rumi- 
nants, and  those  of  most  importance  to  man.  The  upper  jaw 
in  all  the  Cavicornia  is  wholly  destitute  of  incisors  and  canines, 
the  place  of  which  is  taken  by  the  hardened  gum,  against 
which  the  lower  incisors  bite.  There  are  six  incisors  and  two 
canines  in  the  lower  jaw,  placed  in  a  continuous  series,  £tnd  the 
molars  are  separated  by  a  wide  gap  from  the  canines.  There 
are  six  molars  on  each  side  of  each  jaw.  Both  sexes  have 
horns,  or  the  males  only  may  be  horned,  bvit  in  either  case 
these  appendages  are  very  different  to  the  "antlers"  01'  the 
Ctrvidiz.  The  horns,  namely,  are  persistent,  instead  of  being 
deciduous,  and  each  consists  of  a  bony  process  of  the  frontal 
bone — or  "  horn-core" — covered  by  a  sheath  of  horn.     The 
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feet  are  cleft,  but  are  furnished  with  accessory  hoofs  placed  on 
the  back  of  the  foot 

The  Cavicornia  comprise  the  three  families  of  the  Afitilopidij:, 
Ovida,  and  Bovidm.  The  Antelopes  form  an  extremely  large 
section,  with  very  many  species.  They  are  characterised  by 
their  slender  deer-like  form,  their  long  and  slender  legs,  and 
their  simple  cylindrical  annulated  or  twisted  horns,  which  are 
sometimes  confined  to  the  males,  but  often  occur  in  the  females 
as  well  (fig.  220).  The  Antelopes  must  on  no  account  be  con - 
fotmded  with  the  true  Deer,  to  which  they  present  many  points  of 
similarity.  The  structure  of  the  horns,  however,  is  quite  suffi- 
cient to  distinguish  them.  The  Antelopes  are  further  distin- 
guished by  rarely  having  a  be^rd  or  dewlap  and  bv  the 
general  possession  of  ''inguinal  [  ores    iid    lachrymal  sm  ista. 


The  inguinal  pores  are  the  apertures  of  two  involutions  of  the 
integument  of  the  groin,  secreting  a  viscous  substance,  the  use 
of  which  is  unknown.  The  lachrjTnal  sinuses,  or  "  tearpits," 
have  already  been  mentioned  as  occurring  in  the  Cervidm,  and 
are  not  found  in  any  of  the  Cavicornia  except  the  Antelopes. 
Each  consists  of  a  sebaceous  sac  placed  beneath  the  eye,  and 
secreting  a  yellowish  waxy  substance.  The  function  of  these 
glands  is  uncertain,  but  it  is  probably  sexual.  The  Antelopes 
are  especially  numerous,  both  in  individuals  and  in  species,  in 
Africa,  in  which  country  they  appear  to  take  the  place  of  the 
true  Deer  (only  one  species  of  Deer  being  indigenous  to 
Africa).  Amongst  the  better-kno\vn  African  species  of  Ante- 
lopes are  the  Springbok,  Hartebeest,  Gnu,  Eland,  and  Gazelle. 
I'he  only  European  Antelope  is  the  Chamois  {Rupka^ra  fro- 
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pds),  which  inhabits  the  Alps  and  other  mountain-ranges  of 
southern  Europe.  Amongst  the  more  remarkable  Antelopes 
may  be  mentioned  Che  Prong-buck  {Antilope  fiircifer)  of  N. 
America,  in  which  there  are  no  accessory  hoofs,  lachrymal 
sinuses,  or  inguinal  pores ;  the  females  are  hornless,  and  the 
horns  of  the  male  have  a  snag  or  branch  in  front.  Another 
curious  form  is  the  Chickara  {A.  quadricorttis)  of  India,  in 
wliich  the  females  are  hornless,  but  the  males  have  four 
horns. 

The  Sheep  and  Goats  {Ovidm)  have  mostly  horns  in  both 
sexes,  and  the  horns  are  generally  curved,  compressed,  and 
turned  more  or  less  backwards.  The*  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes.  In  the 
true  Goats  {Caprd)  both  sexes  have  horns,  and  there  are  no 
lachrymal  sinuses.  The  throat  is  furnished  with  long  hair, 
forming  a  beard ;  and  this  appendage  is  usually  present  in  botii 
sexes,  though  sometimes  in  the  males  only.  Tlie  goats  live  in 
herds,  usually  in  mountainous  and  rugged  districts.  The  do- 
mestic Goat  ( Capra  kircus)  is  generally  believed  to  be  a  descen- 
dant  of  a  species  which  occurs  in  a  wild  state  in  Persia  and 
in  the  Caucasus  (the  "  Paseng,"  or  Capra  cegagrus).  The  true 
sheep  {Ovis)  are  destitute  of  a  beard,  and  the  horns  are  gener- 
ally twisted  into  a  spiral.  Horns  may  be  present  in  both 
sexes,  or  in  the  males  only.*  Lachr)^nal  sinuses  are  in- 
vari.'ibly  absent.  Numerous  varieties  of  the  domestic  Sheep 
i^Ovis  arks)  are  known,  but  it  is  not  certainly  known  from  what 
wild  species  these  were  originally  derived.  The  Merino  Sheep 
(a  Spanish  breed)  and  the  Thibet  Sheep  are  paiticularly  cele- 
brated for  their  long  and  fine  wool.  With  the  exception  of 
one  species  (the  Big-horn,  Ovis  montand),  all  the  Sheep  appear 
to  be  originally  natives  of  the  Old  World. 

The  true  Oxen  (Bi'vida)  are  distinguished  by  having  simply 
rounded  horns,  which  are  not  twisted  in  a  spiral  manner. 
There  are  no  lachrymal  sinuses.  Most  of  the  Oxen  admit  of 
being  more  or  less  completely  domesticated,  and  some  of  them 
are  amongst  the  most  useful  of  animals,  both  as  beasts  of 
burden  and  as  supplying  food.  The  parent-stock  of  our  nu- 
merous breeds  of  cattle  is  not  known  with  absolute  certainty; 
the  nearest  approach  to  British  Wild  Cattle  being  a  celebrated 
breed  which  b  still  preserved  in  one  or  two  places.  These 
"  Chillingham  Cattle  "  are  a  fine  wild  breed,  which  at  one  time 
doubtless  existed  over  a  considerable  part  of  Britain.  They 
are  pure  white,  with  a  black  muzzle,  tlie  horns  white,  tipped 
me  otlier  breeils  also,  the  males  oiily 
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with  bla.ck.  Another  large  Ox,  which  formerly  existed  in  Brit- 
ain, and  abounded  over  the  whole  of  Europe,  is  the  Aurochs 
or  Lithuanian  Bison  {Bos  bison).  The  Aurochs  is  of  very  large 
size,  considerably  exceeding  the  common  Ox  in  bulk.  It  still 
occurs  in  the  forests  of  the  Caucasus  in  a  wild  state,  but  it  no 
longer  occurs  wild  in  Europe,  if  we  except  a  herd  maintained 
by  the  Czar  in  one  of  the  forests  of  Lithuania.  Nearly  allied 
to  the  Aurochs  is  the  American  Bison  or  Buffalo  {Bison  Ameri- 
canus).  This  species  formerly  occurred  in  innumerable  herds 
in  the  prairies  of  North  America,  but  it  has  been  gradually 
driven  westuards,  and  has  been  much  reduced  in  numbers. 
It  has  an  enormous  head,  a  shaggy  mane,  and  a  conical 
hump  between  the  shoulders.  Two  other  very  well  known 
forms  are  the  Cape  Buttalo  {Buhahis  Caffer)  and  the  common 
Buffalo  {Biibalui  bulahs)  The  fonner  of  these  occurs  in 
southern  and  eastern  Ainca,  and  the  latter  is  domesticated  in 
India  and  in  many  parts  of  the  south  of  Asia.  The  horns  in 
both  species  are  of  large  size,  and  their  bases  are  confluent,  so 
that  the  forehead  is  protected  by  a  bony  plate  of  considerable 
thickness. 

Amongst  the  more  remarkable  Asiatic  Oxen  may  be  men- 
tioned the  Zebu  (Bos  taurus,  var.  Indicns),  distinguished  by  the 
fatty  hump  over  the  withers  at  the  back  of  the  neck,  and  the 
Yak  (Bos  grunnims)  of  Thibet,  remarkable  for  its  long  siiky  tail 

The  last  of  the  Oxen  which  deserves  notice  is  the  curious 
Musk-ox  ((Jf/^sj  moschattts').  This  singular  aninial  is  at  the 
present  day  a  native  of  Arctic  America,  and  is  remarkable  for 
the  great  length  of  the  hair.  It  is  called  the  Musk-ox,  because 
it  gives  out  a  musky  odour.  Like  the  Reindeer,  the  Musk-ox 
had  formerly  a  much  wider  geographical  range  than  it  has  at 
present ;  the  conditions  of  climate  which  are  necessary  for  its 
existence  having  at  that  time  extended  over  a  very  much 
larger  area  than  at  present.  The  Musk-ox,  in  fact,  in  Post- 
tertiary  times  is  known  to  have  extended  over  the  greater  part 
of  Europe,  remains  of  it  occurring  abundantly  in  certain  of 
the  bone-caves  of  France. 


CHAPTER    LXXVin. 

HYRACOIDEA   AND  PROBOSCIDEA. 

Order  VII.  Hyracoidea. — This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
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three  little  animals,  which  make  up  the  single  genus  Hyrax. 
Tliese  have  been  usually  placed  in  the  immediate  neighbour- 
hood of  the  Rhinoceros,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
tiie  Perissodactyle  Ungulates. 

The  order  is  distinguished  by  the  following  characters; — 
There  are  no  canine  teeth,  and  the  incisors  of  the  upper  jaw 
are  long  and  curved,  and  grow  from  permanent  pulps,  as  they 
do  in  the  Rodents  {such  as  the  Beaver,  Rat,  &c.)  The  molar 
teeth  are  singularly  lilie  those  of  the  Rliinoceros.  According 
to  Huxley,  the  dental  formula  of  the  aged  animal  is-— 


,,  ^14.  .,,3-3^ 
4—4'      3—3 

The  fore-feet  are  tetradactylous,  the  hind-feet  tri  dactyl  on  s, 
and  all  the  toes  have  rounded  hoof-like  nails,  with  the  ex- 
ception of  'the  inner  toes  of  the  hind-feet,  which  have  an 
obliquely-curved  nail.  There  are  no  clavicles.  The  nose  and 
ears  are  short,  and  the  tail  is  represented  by  a  mere  tubercle. 
The  placenta  is  deciduate  and  zonary,  whereas  in  the  Ungulates 
it  is  noD-deciduate. 

Several  species  oi  Hyrax  are  known,  but  they  resemble  one 
another  in  all  essentia!  particulars.  They  are  all  gregarious 
little  a^limals,  living  in  holes  of  the  rocks,  and  capable  of 
domestication.  One  species  is  said  to  be  arboreal  in  its 
habits.  The  *'  coney"  of  Scripture  is  believed  to  be  the  Hyrax 
Syriaeus,  which  occurs  in  the  focky  parts  of  Syria  and  Pal- 
estine. Another  specie.s — the  Hyrax  Capejisis,  or  "Klipdas" 
— occurs  commonly  in  South  Africa,  and  is  known  by  the  col- 
onists as  the  "  badger." 

Order  VIII.  Proeoscidea. — The  eighth  order  of  Mammals 
is  that  of  the  Proboscidea,  comprising  no  other  living  animals 
except  the  Elephants,  but  including  also  the  extinct  Mastodon 
and  Demotheriiim. 

The  order  is  cliaracterised  by  the  total  absence  of  cafiine 
teeth ;  tJie  molar  teeth  are  few  in  number,  large,  and  trans- 
versely ridged  or  tuberculate  ;  incisors  are  always  present,  and 
grow  from  persistent  pulps,  constituting  long  tusks  (fig.  sai). 
In  living  Elephants  there  are  two  of  these  tusk-like  incisors  in 
the  upper  jaw,  and  the  lower  jaw  is  without  incisor  teeth.  In 
\}n^Deimfherium  this  is  reversed,  there  being  two  tusk-like  lower 
incisors  and  no  upper  incisors.  In  the  Mastodons,  the  incisors 
are  usually  developed  in  the  upper  jaw,  and  form  tusks,  as  in 
the  Elephants,  but  sometimes  there  are  both  upper  and  lower 
incisors,  and  both  are  tusk-like.     The  nose  is  prolonged  into  a 
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cylindrical  trunk,  movable  in  every  direction,  highly  sensitive, 
and  terminating  in  a  finger-like  prehensile  lobe  (fig.  2Zi).  The 
nostrils  are  placed  at  the  extremity  of  the  proboscis.  The  feet 
are  furnished  with  five  toes  each,  but  these  are  only  partially 
indicated  externally  by  the  divisions  of  the  hoof.  The  feet  are 
furnished  with  a  thick  pad  of  integument,  forming  the  palms 
of  the  hand  and  the  soles  of  the  feet.  There  are  no  clavicles. 
The  testes  are  abdominal  throughout  life.  There  are  two  teats, 
and  these  are  placed  upon  the  chest.  The  placenta  is  de- 
ciduate  and  zonary. 


The  recent  Elephants  are  exclusively  confined  to  the  tropical 
regions  of  the  Old  World,  in  the  forests  of  which  they  live 
in  herds.  Only  two  living  species  are  known— tine  Asiatic 
Elephant  {Ekphas  Iitdiais)  and  the  African  Elepliant  {E. 
Afrieanus).  There  can  be  no  doubt,  however,  but  that  the 
Mammoth  {Ekplias  primigeitius)  existed  in  Europe  within  the 
human  period. 

In  both  the  living  Elephants  the  "  tusks"  are  formed  by  an 
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enormous  development  of  the  two  upper  incisors.  Tlie  milk- 
tusks  are  shed  early,  and  never  attain  any  very  great  size.  Tlie 
permanent  tusks  grow  throughout  the  life  of  the  animal,  and 
often  reach  six  or  seven  feet  in  length,  and  from  fifty  to  seventy 
pounds  in  weight  In  the  Indian  Elephant,  and  its  variety 
the  Ceylon  Elephant,  the  males  alone  have  well -developed 
tusks,  but  both  sexes  have  tusks  in  the  African  species,  those 
of  the  males  being  the  largest.  The  lower  incisors  are  absent, 
and  th  -re  are  no  other  teeth  in  the  jaws  except  the  lirge  molars 
hh  t  nbnhdfhjll 

1  1  f       y  1    g  d  mp      d     f 

1ft  pi  f  1  d      i,    h      by 

d  I     th     I  d        El  pi      t   tl      t  dg        f 

1      e  n       w       d     nd  latuig      hit         1      Afh 
El  1 1      t  th  y        1        1  h  p    1  1       Th    I  d 

Elephant  is  the  only  species  which  is  now  caught  and  domts- 
ticated,  and  as  it  wiil  not  breed  tn  captivity,  the  demand  for 
it  is  supplied  entirely  by  the  capture  of  adult  wild  individuals, 
which  are  taken  chiefly  by  the  assistance  of  those  which  have 
been  already  tamed.  The  Indian  Elephant  is  distinguished 
by  its  concave  forehead,  its  small  ears,  and  the  characters  of 
the  molars.  Its  skull  is  pyramidal,  and  it  has  five  hoofs  on  the 
fore-feet,  and  only  four  on  the  hind-feet.  Its  colour  is  gener- 
ally pale  brown.  (The  so-called  "  White  Elephants "  are 
merely  albinos.)  The  African  Elephant,  on  the  other  hand, 
has  a  strongly  convex  forehead  and  great  flapping  ears.  Its 
colour  is  darker,  its  skull  is  rounded,  and  it  has  four  hoofs  on 
the  fore-feet,  and  only  three  on  the  hind-feet  The  African 
Elephant  is  chiefly  hunted  for  the  sake  of  its  ivory,  and  there 
is  too  much  reason  to  believe  that  the  pursuit  will  ultimately 
end  in  the  destruction  of  these  fine  animals.  A  great  deal, 
however,  of  the  ivory  of  commerce  comes  from  Siberia,  and  is 
really  derived  from  the  tusks  of  the  now  extinct  Mammoth, 
which  formerly  inhaBited  the  north  of  ^sia  in  great  numbers 

Ihe  Elephants  ire  all  phytophagous  living  almost  entirely 
on  the  foliage  of  shrubs  and  trees  which  they  strip  ofl  bj 
means  of  the  prehens  le  trunk  As  the  tu=ks  prevent  the 
animal  from  dr  nkmc;  in  the  ordinarv  manner,  the  water  is 
sucked  up  by  the  trunk  which  is  then  inserted  into  the  mouth 
into  which  it  empties  it"  contents 

Many  species  of  fossil  Elephants  are  known  but  the  mj  t 
familiar  of  them  is  the  Mammoth  {Bkphas  pumi^mius)  This 
enormous  -inimal  is  now  wholly  extinct,  but  it  formerly 
abounded  in  the  northern  parts  of  Asia  and  over  the  whole 
of  Europe      It  occ  irred  also  in  Br  tarn  and  unquestionably 
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existed  in  the  earlier  portion  of  the  human  period,  its  r 
having  been  found  in  a  great  number  of  instances  in  connec- 
tion with  human  implements.  From  its  great  abundance  in 
Siberia,  it  might  have  been  safely  inferred  that  the  Mammoth 
was  able  to  endure  a  much  coider  cUmate  than  either  of  the 
living  species.  This  inference,  however,  has  been  rendered 
a  certainty  by  the  discovery  of  the  body  of  more  than  one 
Mammoth  embedded  in  the  frozen  soil  of  Siberia.  These 
specimens  had  been  so  perfectly  preserved  that  even  micro- 
scopical sections  of  some  of  the  tissues  could  be  made ;  and 
in  one  case  even  the  eyes  were  preserved.  From  these  speci- 
mens we  know  that  the  body  of  the  Mammoth  was  covered 
with  long  woolly  hair. 

Closely  allied  to  the  true  Elephants  are  the  Mastodons, 
characterised  by  the  fact  that  the  crowns  of  the  molar  teeth 
have  nipple  -  shaped  tubercles  placed  in  pairs.  Generally 
speaking,  the  two  upper  incisors  formed  long  curved  tusks,  as 
in  the  Elephants,  but  m  some  cases  there  were  two  lower 
incisors  as  well.  The  various  species  of  Mastodon  all  belong 
to  the  later  Tertiary  and  Post  tertiary  periods 

The  last  of  the  P>ob  salea  is  a  remarkable  e\tnct  animal 
the  Dtinothenum  Th  s  extraordinary  animal  his  hitherto 
only  been  found  m  Miocene  de 
posits  aid  htde  is  known  of  it 
except  ts  enormous  skull  Mo 
lira  and  i  r^molars  weie  present 
in  ea  h  jaw  and  the  upper  jaw 
V  lb  destitute  of  canines  and  in 
cisors  In  the  lower  jaw  were 
twj  very  large  tusk  hke  incisors, 
which  were  not  directed  forwards 
as  in  the  true  Elephants,  but  were 
bent  abruptly  downwards  (fig.  222). 
The  animal  must  have  attained  an 
enormous  size,  and  it  is  probable 
that  the  curved  tusks  were  used 
"'''"""•  either  in  digging  up  roots  or  in 
mooring  the  animal  to  the  banks 
i  probably  aquatic  or  semi-aquatic  in  its 
habits.  It  is  placed  by  De  Blainville  in  the  Sircnia,  being 
regarded  as  a  Dugong  with  tusk-like  lower  ii 


of  rivers,  for  it  v 
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CARNIVORA. 

Order  IX.  Carnivora, — The  ninth  order  of  Mammals  is 
that  of  tlie  Carnivora,  comprising  the  Ferm,  or  Beasts  of  Prey, 
along  with  the  old  order  of  the  Pinnipedia,  or  Seals  and  Wal- 
ruses, these  latter  being  now  universally  regarded  as  merely  a 
group  of  the  Carnivora  modified  to  lead  an  aquatic  life. 

The  Carnivora  are  distinguished  by  always  possessing  two 
sets  of  teeth,  which  are  simply  covered  by  enamel,  and  are 
always  of  three  kinds— incisors,  canines,  and  molars — differ- 
ing from  one  another  in  shape  and  size.      The  incisors  are 

generally  ~^^  (except  in  some  seals)  ;  the  canines  are  always 
-^-ZZl  and  are  invariably  much  larger  and  longer  than  the  in- 
cisors. The  pKeraolars  and  molars  are  mostly  furnished  with 
cutting  or  trenchant  edges;  but  they  graduate  from  a  cutting 
to  a  tuberculate  form,  as  the  diet  is  strictly  carnivorous,  or 
becomes  more  or  less  miscellaneous.  In  the  typical  Carnivores 
(such  as  the  Lion  and  Tiger),  the  last  tooth  but  one  in  the 
upper  jaw  and  the  last  tooth  in  the  lower  jaw  are  known  as 
the  "  camasslal "  teeth,  having  a  sharp  cutting  edge  adapted 
for  dividing  flesh,  and  generally  a  more  or  less  developed 
tuberculaled  heel  or  process,  A  varying  number,  however,  of 
the  molars  and  prtemolars  may  be  "  tuberculate,"  their  crowns 
being  adapted  for  bniisihg  rather  than  cutting.  As  a  general 
rule,  the  shorter'  the  jaw,  and  the  fewer  the  premolars  and 
molars,  the  more  carnivorous  is  the  animal.  The  jaws  are  so 
articulated  as  to  admit  of  vertical  but  not  of  horizontal  move- 
ments ;  the  zygomatic  arches  are  greatly  developed  to  give 
room  for  the  powerful  muscles  of  the  jaws ;  and  the  orbits  are 
not  separated  from  the  temporal  fossK.  The  intestine  is  com- 
paratively short. 

In  all  the  Carnivora  the  clavicles  are  either  altogether  want- 
ing, or  are  quite  rudimentary.  The  toes  are  provided  with 
sharp  curved  claws.  The  teats  are  abdominal ;  and  the  pla- 
centa is  deciduate  and  zonular. 

The  order  Carnivora  is  divided  into  three  very  natural  sec- 

Sedion  I.  Phmgrada  or  Pinnipedia.  —  This  section  com- 
prises the  Seals  and  Walruses,  In  which  the  fore  and  hind 
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limbs  are  short,  and  are  expanded  into  broad  webbed  switii- 
ming-paddles  (fig.  223,  B).  The  liind-feet  are  placed  very  far 
back,  nearly  in  a  line  with  the  axis  of  the  body,  and  they  are 
more  or  less  tied  down  to  the  tail  by  the  integuments. 

Section  II.  Plantigrada. — -This  section  comprises  the  Bears 
and  their  allies,  in  which  the  whole,  or  nearly  the  whole,  cf 
the  foot  is  applied  to  the  ground,  so  that  the  animal  walks 
upon  the  soles  of  the  feet  (fig.  223,  A). 

Section  III.  Digitigrada. — This  section  comprises  the  Lions; 
Tigers,  Cats,  Dogs,  &c.,  in  which  the  heel  of  the  foot  is  raised 
entirely  off  the  ground,  and  the  animal  walks  upon  the  tips  of 
the  toes  (fig.  223,  C). 


^1  of  Stial ;  C,  Di^ilgrada.  Fool  of  Uon. 


Section  I.  Pinniqrada  or  PiNNiPEoiA. — This  section  of 
the  Carnivora  comprises  the  amphibious  Seals  and  Walruses, 
which  differ  from  the  typical  Carnivores  merely  in  points  con- 
nected with  their  semi-aquatic  mode  of  life.  The  body  in 
these  forms  is  elongated  and  somewhat  fish -like  in  shape, 
covered  with  a  short  dense  fur  or  harsh  hairs,  and  terminated 
behind  by  a  short  conical  tail.  All  the  four  limbs  are  present, 
but  are  very  short,  and  the  five  toes  of  each  foot  are  united 
together  by  the  skin,  so  that  the  feet  form  powerful  swimming- 
paddles.  The  hind-feet  are  of  large  size,  and  are  placed  far 
back,  their  axis  nearly  coinciding  with  that  of  the  body  (figs. 
223,  224).  From  this  circumstance,  and  from  the  fact  that  the 
integument  often  extends  between  the  hind-legs  and  the  sides 
of  the  short  tail,  the  hinder  end  of  the  body  forms  an  admir- 
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able  smmming  apparatus,  similar  in  its  action  to  the  horizontal 
tail -fin  of  the  Cetacea  and  Sirmia.  The  tips  of  the  toes  are 
furnished  with  strong  claws,  but  their  powers  of  terrestrial  loco- 
motion are  very  limited.  On  land,  in  fact,  the  Seals  can  only 
drag  themselves  along  laboriously,  chiefly  by  the  contractions 
of  the  abdommal  muscles  The  ears  are  of  small  size,  and 
are  mostly  only  indicated  by  small  apertures  which  the  animal 
has  the  power  of  closing  when  under  w\ter  The  bones  are 
light  and  spong*  ■ind  beneath  the  skm  is  %  layer  of  fat  or 
blubber  The  dentition  varies,  but  teeth  of  three  kinds  are 
always  present,  m  the  joung  animal  at  an>  rite  The  canines 
are  alwajs  long  and  pointed,  and  the  molirs  ire  generally 
fumi^htd  nith  sharp  cutting  edf,es 


The  section  Pinnigrada  includes  the  two  families  of  the 
Seals  {PItocida)  and  Walruses  {Trichecidm).  The  Seals  are 
distinguished  by  having  incisor  teeth  in  both  jaws,  and  by  the 
fact  that  the  canine  teeth  are  not  disproportionately  developed. 
They  form  a  very  numerous  family,  of  which  species  are  found 
in  almost  every  sea  out  of  the  limits  of  the  tropics.  They 
abound,  however,  especially  in  the  seas  of  the  Arctic  and 
Antarctic  regions.  They  live  for  the  most  part  upon  fish,  and 
when  awake,  spend  the  greater  part  of  their  time  in  the  water, 
only  coming  on  land  to  bask  and  sleep  in  the  sun  and  to  suckle 
their  young.  They  appear  to  be  universally  polygamous.  The 
body  is  covered  with  a  short  fur,  interspersed  with  long  bristly 
hairs ;  and  the  lips  are  furnished  with  long  whiskers,  which  act 
as  organs  of  touch.  The  Seals  are  very  largely  captured  foi 
the  sake  of  tneir  blubber. 
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The  only  common  British  Seal  is  the  Phoca  viluUna,  which 
occurs  not  uncommonly  on  the  northern  shores  of  Scotland. 
It  is  yellonnsh-grey  in  colour,  and  measures  from  three  to  five 
feet  in  length.  Other  Seals  attain  a  inuch  greater  length — the 
Great  Seal  measuring  from  eight  to  ten  feet,  and  the  Bottle- 
nosed  Seal  reaching  a  length  of  from  twenty  to  twenty-five  feet. 
The  only  Seals  which  possess  external  ears  constitute  the  genus 
Otaria,  and  are  almost  exclusively  confined  to  the  seas  of  the 
southern  hemisphere. 

The  second  family  of  the  Pinnigrade  Carnivores  is  that  of 
the  Trkhedda,  comprising  only  the  Walnis  or  Morse  {Trkh- 
vs).     The  chief  peculiarity  by  which  the  Walrus  is 
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molars  with  flat  crowns  behind  the  tusks  in  the  upper  jaw;  and 
four  similar  teeth  on  each  side  of  the  lower  jaw;  but  the  first 
of  these  has  been  regarded  as  a  lower  canine.  The  upper  lip 
has  many  pellucid  bristles  as  large  as  a  straw  in  thickness.  In 
the  adult  the  incisors  are  obsolete,  except  the  lateral  pair  in 
the  upper  jaw.  Unlike  the  Seals,  the  Walrus  is  not  poly- 
gamous. 

Except  as  regards  its  dentition,  the  WaJrus  agrees  in  all 
essential  respects  with  the  Seals.  It  is  a  large  and  hea\'y 
animal,  attaining  a  length  of  from  ten  to  fifteen  feet  or  up- 
wards. The  body  is  covered  with  short  brownish  or  yellowish 
hair,  and  the  face  bears  many  long  stiff  bristles.  There  are 
no  external  ears.  The  chief  use  of  the  tusk-like  canines 
appears  to  be  that  of  assisting  the  unwieldy  animal  to  get  out 
of  the  water  upon  the  ice ;  but  they  doubtless  serve  as  weapons 
of  offence  and  defence  as  well.  The  Walrus  is  hunted  by 
whalers,  both  for  its  blubber,  which  yields  an  excellent  oil,  and 
for  the  ivory  of  the  tusks.  It  is  found,  living  in  herds,  in  the 
Arctic  seas,  being  especially  abundant  at  Spitzbergen  and  Nova 
Zembla, 

Section  II.  Plantigrada. — The  Carnivorous  animals  be- 
longing to  this  section  apply  the  whole  or  the  greater  part  of 
the  sole  of  the  foot  to  the  ground  (fig.  233,  A) ;  and  the  por- 
tion of  the  sole  so  employed  is  destitute  of  hairs  in  most 
instances  (the  sole  is  hairy  in  the  Polar  Bear).  From  the 
structure  of  the  foot,  the  Plantigrada  have  great  power  of  rear- 
ing themselves  up  on  the  hind-feet.  They  approach  the  In- 
sedivora  in  their  comparatively  slow  movements  and  their 
nocturnal  habits,  and  in  possessing  no  csecum.  They  mostly 
hybernate,  and  their  feet  are  always  pentadactylous. 

The  typical  family  of  the  Plantigrade  Carnivora  is  that  of 
the  Ursidm  or  Bears,  in  which  the  entire  sole  of  the  foot  is  ap- 
plied to  the  ground  in  walking.  The  Ursid(S  are  much  less 
purely  carnivorous  than  the  majority  of  the  order,  and  in  ac- 
cordance with  their  omnivorous  habits,  the  teeth  do  not  exhibit 
the  typical  carnivorous  characters.  The  incisors  and  canines 
have  the  ordinary  carnivorous  form,  but  the  "camassial"  or 
sectorial  molar  has  a  tuberculate  crown  instead  of  a  sharp 
cutting  edge.     The  dental  formula  is — 

The  claws  are  formed  for  digging,  laige,  strong,  and  curved, 
biit  are  not  retractile.     The  tongue  is  smooth ;  the  ears  small, 
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erect,  and  rounded  j  the  tail  short ;  the  nose  forms  a  movable 
truncated  snout ;  and  the  pupil  is  circular. 

As  shown  by  their  smooth  tongues  and  tuberculate  molars, 
the  Bears  are  not  peculiarly  or  strictly  carnivorous.  They  cat 
flesh  when  they  can  obtain  it,  but  a  great  part  of  their  food  is 
of  a  vegetable  nature. 

The  Bears  are  very  generally  distributed  over  the  globe, 
Australia  alone  having  no  representative  of  the  family.  Tiie 
common  Brown  Bear  {Ursus  Arcfos)  was  at  one  time  an  in- 
habilant  of  Britain,  and  also  existed  over  the  whole  of  Europe. 
At  the  present  day  the  Brown  Bear  is  only  found  in  the  great 
forests  of  the  north  of  Europe  and  in  Asia.  It  feeds  on 
roo  s  f  s  hon  y  insects,  and,  when  it  can  obtain  them,  upon 
othe  M  n  n  als  I  attains  a  great  age,  and  hybernates  during 
the  n  mon  h  Very  nearly  allied  to  the  Brown  Bear  is 
the  Bl  k  Bea  of  America  (Ursus  Ameruam/s).  Both  are  of 
some  o  e  1  alue,  being  hunted  for  the  sake  of  their  skins, 
fat,  and  o  g  es  A  much  larger  American  species  is  the 
Gr  zzlj  B  ( Ur  ferex),  found  in  many  parts  of  the  Ameri- 
can continent.  It  is  about  twice  as  large  as  the  ordinary 
Bear,  but  it  is  said  to  subsist  to  a  great  extent  upon  vegetable 
food,  such  as  acorns.  The  most  remarkable,  however,  of  the 
bears  is  the  great  White  Bear  (Thalassarctos  maritimus),  which 
is  exclusively  a  native  of  the  Arctic  regions.  It  is  a  very  large 
and  powerful  animal,  the  fur  of  which  is  quite  white.  The 
paws  are  very  long,  and  the  soles  of  the  feet  are  covered  ivith 
coarse  hair,  giving  the  animal  a  firm  foothold  upon  the  ice. 
The  Polar  Bear  differs  from  the  other  Ursidm  in  being  exclu- 
sively carnivorous,  since  vegetable  food  would  be  wholly  un- 
attainable. It  is  as  much  at  home  in  the  water  as  on  land, 
and  lives  chiefly  upon  seals  and  fish,  and  upon  the  carcases  of 
Cetaceans. 

Other  well-known  Bears  are  the  Syrian  Bear  {Ursui  Syria- 
cus)  of  Mount  Lebanon,  the  Sloth  Bear  (Prochilus  labiatus)  of 
India,  and  the  Malayan  Bear  (Hdardos  Maiayanus)  of  Borneo 
and  Sumatra. 

It  is  a  singular  fact  that  the  bones  of  a  bear— the  Ursus 
spdceus  or  Cave  Bear — have  been  found,  in  Britain  and  in  many 
parts  of  Europe,  along  with  the  bones  of  other  Carttivora,  such 
as  the  Cave  Lion  and  Cave  Hyiena.  The  Ursus  spdmts  was 
a  larger  and  more  powerful  animal  than  even  the  Polar  Bear, 
and  there  can  be  no  doubt  that  it  existed  in  the  earlier  portion 
of  the  human  period. 

Nearly  allied  to  the  true  Bears  are  several  small  animals,  of 
which  the  Racoons  {Procym),  the  Coati  {Nasna),  the  Wah 
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(Ailurus),  and  the  Kinkajou  {Cercoleptes)  are  the  best  known. 
The.  Racoons  are  natives  of  tropical  and  northern  America, 
and  have  a  decided  external  resemblance  to  the  Bears.  They 
have  tolerably  long  tails,  however,  and  sharp  muzzles.  The 
commonest  species  is  the  Procyon  lotor  of  North  America,  which 
derives  its  specific  name  from  its  habit  of  washing  its  food 
before  eating  it.  The  place  of  the  Racoon  is  taken  in  India 
by  the  Wah  (^Ailurus  fu/gens),  which  inhabits  northern  Hindo- 
stan.  It  is  about  the  size  of  a  laige  domestic  cat,  and  is  very 
prettily  coloured,  being  chestnut  brown  above,  and  black  in- 
feriorly,  with  a  white  face  and"  ears.  The  Kinkajous  {Cerco- 
leptes) are  inhabitants  of  South  America,  and,  as  is  the  case 
with  so  many  of  the  animals  of  this  continent,  they  are  adapted 
for  an  arboreal  life,  to  which  end  their  tails  are  prehensile. 
The  Coatis  {Nasud)  are  very  closely  allied  to  the  Racoons, 
and  are  exclusively  confined  to  the  American  cqntinenL  All 
the  above-mentioned  litde  animals  (with  the  exception  of  the 
Wah)  present  a  singularly  close  resemblance  to  the  Lemurs  of 
the  Old  World,  and  appear  to  be  their  representatives  in  the 
western  hemisphere.  In  the  genus  Paradoxurtts  of  the  Indian 
Archipelago,  the  tail  is  capable  of  being  rolled  up,  but  its  ex- 
tremity is  not  prehensile.  The  "  Benturongs"  {Arctictis)  have 
a  long,  hairy,  and  prehensile  tail.  They  are  nocturnal  animals 
which  are  found  in  India,  and  are  in  some  respects  inter- 
mediate between  the  Racoons  and  the  Civets. 

The  only  remaining  family  of  the  Plantigrada  is  that  of  the 
MelidcB  or  Badgers,  characterised  by  their  elongated  bodies 
and  short  legs,  and  by  the  fact  that  the  camassial  tooth  has  a 
partly  cutting  edge,  and  is  not  wholly  tuberculate  as  in  the 
Bears. 

The  common  Badger  {Meks  taxus),  which  may  be  regarded 
as  the  type  of  this  group,  occurs  in  Britain,  and  is  one  of  the 
most  inoffensive  of  animals.  It  is  nocturnal  in  its  habits,  and 
is  a  very  miscellaneous  feeder,  not  refusing  anything  edible 
which  may  come  in  its  way,  though  living  mainly  on  roots  and 
fruits.  The  Badger  burrows  with  great  ease,  and  can  bite  very 
severely.  The  European  Badger  is  represented  in  the  United 
States  and  Canada  by  the  "  SifHeur "  {Meles  Lahradoricus), 
and  in  the  hilly  uarts  of  India  by  the  Indian  Badger  (M.  allaris). 
The  Glutton  (Gulo  luseits),  often  called  the  Wolverine,  is  of 
common  occurrence  in  the  northern  parts  of  Europe,  Asia, 
and  America.  It  is  from  two  to  three  feet  in  length,  and 
though  doubtless  a  tolerably  voracious  animal,  it  is  certainly 
not  so  much  so  as  to  deserve  the  name  of  Glutton.  The 
Orison  {Gulo  T'iftfctns)  is  a  closely-allied  species,  which  is  found 
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in  South  America.  The  Ratels  or  Honey-badgers  {Melliverd) 
are  much  like  the  common  Badger  in  their  habits  and  appear- 
ance, but  they  get  their  name  from  their  fondness  for  honey. 
They  are  natives  of  southern  and  eastern  Africa. 

Section  III.  Digitigrada.— In  this  section  of  the  Camivora 
the  heel  is  raised  above  the  ground,  with  the  whole  or  the 
greater  part  of  the  metacarpus,  so  that  the  animals  walk  more 
or  \t%f  completely  on  the  tips  of  the  toes  (fig.  223,  C).  No 
absolute  line,  however,  of  demarcation  can  be  drawn  between 
the  Plantigrade  and  Digitigrade  sections  of  tlie  Carnivora,  since 
many  forms  {e.g.,  Mustelida  and  Viverridm)  exhibit  transitional 
characters,  and  it  has  even  been  proposed  to  place  these  in  a 
separate  section,  under  the  name  of  Semi-plantigrada. 

The  first  family  of  the  Digitigrada  is  that  of  the  Mustelidtz 
or  Weasels,  including  a  number  of  small  Carnivores,  with  short 
legs,  elongatfed  worm-like  bodies,  and  a  peculiar  gliding  mode 
of  progression  (hence  the  name  of  Vermiformes,  sometimes 
applied  to  the  group).  Amongst  the  best  known  of  the  Mui' 
telida  are  the  common  Weasel  {Mustela  vulgaris),  the  Pole-cat 
{Mustda  putorim),  and  the  Ferret  {Mustela  furo),  tlie  last  being 
supposed  to  be  only  an  albino  variety  of  one  of  the  Pole-cats. 
It  is  really  an  African  species,  but  has  been  long  domesticated 
in  Europe.  Many  of  the  Mustdtdm  are  of  great  commercial 
importance,  furnishing  beautiful  and  highly- valued  furs. 
Amongst  these  are  the  Ermine  {Mustela  erminea),  and  the 
Sable  {Mustela  zibellina).  It  is  asserted,  however,  that  most  of 
the  Sable  of  commerce  is  derived  from  the  Black  Mink  {Puto- 
rius  ntgrescens)  and  the  Pine  Marten  {Mustela  Americana)  of 
the  United  States  and  Canada, 

Almost  all  the  Weasels  have  a  very  disagreeable  odour,  pro- 
duced by  the  secretion  of  greatly-developed  and  modified 
sebaceous  glands,  placed  in  the  neighbourhood  of  the  anus, 
and  known  as  the  anal  glands.  In  -this  respect,  however,  the 
nearly-allied  genus  Mephitis,  comprising  the  American  Skunk, 
is  facile  princeps.  The  Skunk  is  a  pretty  little  animal,  with  a 
long  bushy  tail,  and  when  unmolested  it  is  perfectly  harmless. 
If  pursued  or  irritated,  however,  it  has  the  power  of  ejecting 
the  secretion  of  the  anal  glands  to  a  greater  or  less  distance 
with  considerable  force.  The  odour  of  this  secretion  is 
Bp  powerful  and  persistent  that  no  amount  of  washing  will 
remove  it  from  a  garment,  and  its  characters  are  said  to  be  of 
the  most  intensely  disagteeable  description. 

Also  belonging  to  the  family  of  the  Mustelidm,  and  very 
nearly  allied  to  the  Weasels,  are  the  Otters  {I.uira),  distin- 
guished by  the  possession  of  webbed  feet  adapted  for  swim- 
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Ming.  The  body  is  long,  the  legs  short,  and  the  tail  long, 
stout,  and  horizontally  flattened.  The  common  Otter  {Luira 
vulgaris)  is  a  native  of  Britain,  frequenting .  the  banks  of 
streams  and  lakes.  It  lives  upon  fish,  and  is  higiily  destructive 
to  Salmon.  A  closely-allied  form  is  the  American  Otter  {Lutra 
Canadensis).  In  the  Sea  Otters  {Enhydra)  the  tail  is  very 
short.  They  are  found  on  both  sides  of  the  North  Pacific,  and 
yield  a  very  valuable  fur. 

The  second  family  of  the  Semi-plantigrade  Carnivores  is  that 
of  the  Viverridte,  the  Civets  and  Genettes.  They  are  all  of 
moderate  size,  with  sharp  muzzles  and  long  tails,  and  more  or 
less  striped,  or  banded,  or  spotted.  The  camassial  moiar  is 
trenchant ;  the  canines  are  long,  sharp,  and  pointed ;  and  the 
tongue  is  roughened  by  numerous  prickly  papillfe.  The  claws 
are  semi-retractile,  and  the  pupils  can  contract,  on  exposure  to 
light,  till  they  resemble  a  mere  line.  In  most  of  their  charac- 
ters, therefore,  the  Civets  are  much  more  highly  carnivorous 
than  are  any  of  the  preceding  families,  and  they  approach  in 
many  respects  very  close  to  the  typical  group  of  the  Digitigrada 
(viz.,  the  Felid^,  having  especially  very  close  affinities  with 
the  Hysenas.  .411  the  species  of  the  family  are  furnished  with 
anaJ  glands,  which  secrete  the  peculiar  fatty  substance  known 
as  "civet." 

The  true  Civet-cat  is  the  Viverra  civetta,  a  native  of  Africa, 
It  is  a  small  nocturnal  animal,  which  climbs  trees  with  facility, 
and  feeds  chiefiy  upon  small  mammals,  reptiles,  and  birds,  but 
also  upon  roots  and  fruits.  It  furnishes  the  greater  part  of  the 
"  civet"  of  commercb,  which  was  formerly  in  great  repute  both 
as  a  perfume  and  as  a  medicinal  agent.  It  is  a  pomade-like 
substance  with  a  strong  musky  odour,  and  is  secreted  by  a 
deep  double  pouch  beneath  the  anus.  The  Genette  ( Viverra 
genetta)  is  very  closely  related  to  the  preceding,  and  is  a  native 
of  Africa  and  southern  Europe,  being  not  uncommonly  do- 
mesticated and  kept  like  a  cat.  The  anal  pouch  in  the  Ge- 
nette is  much  reduced  in  size,  and  has  hardly  any  perceptible 
secretion.  Another  nearly-allied  species  is  the  Ichneumon 
(Ilerpestes),  which  is  kept  as  a  domestic  animal  in  Egypt,  and 
lives  upon  Snakes,  Lizards,  the  eggs  of  the  Crocodile,  and 
small  Mammals, 

Forming  a  transition  between  the  Viverridce  and  the  Felidm 
is  the  family  of  the  Hymnidte,  distinguished  by  the  fact  that, 
alone  of  all  the  Camivora,  both  pairs  of  feet  have  only  four 
toes  each.  The  hind-legs  are  shorter  than  the  fore-legs,  so  that 
the  trunk  sinks  towards  the  hind-quarters,  and  the  tail  is  short. 
The  tongue  is  rough    and  prickly.     The   head   is   cxircmcly 
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broad,  the  muz  le  ounded  and  the  muscles  of  the  jaw 
extremely  po  rf  1  a  d  w  11  developed.  The  claws  are  non- 
retractile.  All  h  ol  a  e  trenchant  except  the  last  upper 
molar,  which  s  nbe  la  e  The  upper  rarnassial  has  a  small 
internal  tuberi-le,  and  the  lower  carnassial  is  wholly  trenchant. 
There  is  a  deep  glandular  pouch  beneath  the  anus. 

There  are  two  well-known  species  of  Hycena,  and  the  whole 
group  is  exclusively  confined  to  the  Old  World.  The  best- 
knowii  species  is  the  Striped  Hysena  {Hyana  striata),  which  is 
found  in  North  Africa,  AJsia  Minor,  Arabia,  and  Persia.  It  is 
an  ill-conditioned  ferocious  beast,  but  will  not  attack  man 
unless  provoked.  The  Spotted  Hyrena  (H,  cf-ocuta)  occurs 
solely  in  Africa,  being  especially  abundant  in  Cape  Colony. 
If  the  so-called  Aardwolf  {Proteks)  is  to  be  placed  amongst  the 
Hyenas,  as  is  generally  doue,  then  the  characters  to  be  drawn 
from  the  feet  are  not  invariable ;  since  this  singular  animal  has 
the  fore-feet  furnished  with  five  toes,  whilst  the  hind-feet  are 
tetradactylous  (as  is  the  case  in  the  Dogs).  It  is  a  nocturnal 
burrowing  animal,  and  is  found  in  South  Africa.  The  singular 
"Hunting  Dog"  {Lycaon  pictus),  a^m,  oi  Saaxh  Africa,  agrees, 
with  the  Hysenas  in  being  tetradactylous,  but  has  no  mane, 
and  approaches  the  Dogs  in  its  dentition  and  osteology. 

An  extinct  Hysena,  considerably  latter  than  either  of  the 
living  forms,  formerly  existed  in  Britain  and  in  various  parts 
of  Europe.  It  is  known  as  the  Cave  Hytena  {R.  spelma),  its 
remains  having  been  principally  found  in  caves. 

The  next  family  is  that  of  the  Canidce,  comprising  the  Dogs, 
Wolves,  Foxes,  and  Jackals.  The  members  of  this  family 
are  characterised  by  having  pointed  muzzles,  smooth  tongues, 
and  n  on -re  tractile  claws.      The  fore-feet  have  five  toes  each, 

6—6 
the  hind-feet  have    only  four.     The   molar  teeth    are    i^;;^> 

sometimes  -3;^-,  and  of  these,  two  or  three  on  each  side  are 
tuberculate.  The  carnassial  has  a  tolerably  large  heel  or 
process. 

The  true  Dogs  {i.e.,  the  Dog  and  Wolf)  have  round  pupils, 
and  a  tail  which  is  of  moderate  length  and  rarely  very  hairy. 
The  Foxes  {ViiJpes)  have  very  long  bushy  tails,  and  the  pupil 
contracts  to  a  mere  line. 

The  Dog  {Cants familiaris)  is  Only  known  to  us  at  the  present 
day  as  a  domesticated  animal.  Such  wild  dogs  as  there  are, 
are  probably  merely  derived  from  the  domestic  dog  ;  and  the 
original  stock,  or  stocks,  from  which  our  numerous  varieties  of 
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dogs  have  sprung,  is  still  uncertain.  It  is  worth  while  remem- 
bering, however,  all  our  varieties  of  dogs  are  capable  of  inter- 
breeding ;  and  there  is  a  strong  probability  that  the  Wolf  is 
the  parent  stock  of  at  least  some  of  our  domestic  breeds.  The 
Dog,  in  fact,  will  interbreed  with  both  the  Wolf  and  the  Jackal. 


r.g.  !26.— stuUofji 


The  genus  Cants,  besides  tlie  Dog,  contains  the  well-known 
JacVaX  (Canis  aiirms),  and  the  W6[{  (Cants /upus),  and  many 
writers  place  the  Foxes  in  the  same  genus.  The  Foxes,  how- 
ever, are  better  considered  as  forming  a  separate  genus  ( Vulpes), 
of  which  there  are  many  species,  a!)  more  or  less  like  the 
common  Fox  ( Vulpes  vulgaris).  One  of  the  most  remarkable 
species  is  the  Arctic  Fox,  which  abounds  in  the  Arctic  regions, 
and  cbanges  its  colour  with  the  season,  being  brown  in  summer 
and  white  in  winter.  The  soles  of  its  feet  are  hairy.  Other 
well-known  Foxes  are  the  Red  Fox  ( V.  fulvus)  of  North  Ame- 
rica, the  Deccan  Fox  ( V.  Jiengalmsis)  of  India,  and  the  Caama 
(  V.  Caama)  of  Africa. 

The  Jackals  have  a  round  pupil  and  a  denta!  formula  like 
that  of  the  Dogs.  They  inhabit  Asia  and  Africa,  are  gregari- 
ous, hunt  in  packs,  and  burrow  in  the  ground. 

The  last  group  of  the  Digitigrada  is  that  of  the  Felidm  or 
Cat  tribe,  comprising  the  most  typical  members  of  the  whole 
order  of  the  Carnivora,  such  as  the  Lions,  Tigers,  Leopards, 
Cat,  and  Panthers.  The  members  of  this  family  all  walk  upon 
the  tips  of  their  toes,  the  soles  of  their  feet  being  hairy,  and 
the  whole  of  the  metacarpus  and  heel  being  raised  above  the 
ground  (fig.  223,  C).  The  jaws  are  short,  and  owing  to  this 
fact,  and  to  the  great  size  of  the  muscles  concerned  in  masti- 
cation, the  head  assumes  a  short  and  rounded  form,  with  an 
abbreviated  and  rounded  muzzle.  The  molars  and  pnemolars 
are  fewer  in  number  than  in  any  other  of  the  Cartiivora  (hence 
the  shortness  of  the  jaws),  and  they  are  all  trenchant,  except 
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the  last  molar  in  the  upper  jaw,  which  is  tuberculate  The 
upper  camassial  has  three  lobes,  and  a  blunt  heel  or  mterml 
process.  The  lower  camassial  has  two  oittm^  lobes  and  no 
internal  process.     According  to  Owen,  the  dental  f  jrmiila  i^— 


^■3—3     ^  Izzl.    ,^   3—3. 


—,-2°- 


The  legs  are  nearly  of  equal  size,  and  the  hind-feet  have 
only  four  toes  each,  whilst  the  fore-feet  have  five.  All  the 
toes  are  furnished  with  strong,  curved,  retractile  claws,  which, 
when  not  in  use,  are  withdrawn  within  sheaths  by  the  action 
of  elastic  ligaments,  so  as  not  to  be  unnecessarily  blunted. 


The  tongue  is  roughened  and  rendered  prickly  by  the  presence 
of  homy  papillje,  thus  rendering  it  a  most  efficient  rasp  in 
licking  the  flesh  from  the  bones  of  the  prey.  All  the  members 
of  this  group  are  exceedingly  light  upon  their  feet,  and  are 
excessively  muscular,  and  they  have  all  the  habit  of  seizing 
their  prey  by  suddenly  springing  upon  it. 

It  is  questiMiable  if  any  good  genera  have  hitherto  been 
established  in  this  family,  and  all  the  species  may  be  con- 
sidered as  belonging  to  the  single  genus  H/is. 

The  Lion  (J^e/is  leo)  is  too  well  known  to  require  much  spe- 
cial notice.  Its  colour  is  always  uniform;  generally  a  yellow- 
ish or  reddish  brown.  The  tail  is  terminated  by  a  tuft  of  long 
hairs,  and  the  male  is  tisually  furnished  with  a  mane,  which  is 
very  short,  however,  in  an  Indian  form.  The  Lion  is  exclu- 
sively confined  to  the  Old  World,  and  is  an  inhabitant  of  Africa 
and  all  the  southern  parts  of  Asia.     It  is  doubtful  how  far 


Hosled  by  Google 


CARNIVORA.  585 

any  valid  species  of  Lions  have  as  yet  been  established.  The 
Lions  are  all  nocturnal,  and  capture  their  prey  by  suddenly 
leaping  upon  it.  They  are  by  no  means  the  generous  antl 
courageous  animals  they  are  generally  considered  to  be ;  but, 
on  the  contrary,  are  cruel,  cunning,  and  cowardly.  They  are 
enormously  strong,  and  it  is  said  that  a  full-grown  Lion  can 
run,  and  even  leap,  though  carrying  an  ox  in  its  jaws.  Though 
now  much  restricted  in  its  range,  the  Lion  had  formerly  a  much 
more  extensive  distribution,  a  form  considerably  larger  than 
the  modem  species  having  formerly  existed  in  Europe,  and 
.  even  in  Britain  {Felis  speitzd). 

In  the  tigers  {Fdis  Hgris),  the  tail  is  without  a  tuft  of  hairs 
at  its  extremity,  and  the  skin  is  marked  with  stripes  or  spots. 
The  Ro)'al  or  Bengal  Tiger  is  a  native  of  southern  Asia,  but 
occurs  also  in  Java  and  Sumatra,  The  skin  is  reddisli  yellow, 
marked  with  numerous  transverse  black  stripes.  It  is  a  large 
and  powerful  animal,  and,  upon  the  whole,  is  probably  a  more 
dangerous  opponent  than  even  the  Lion, 

Of  the  large  Spotted  Cats,  the  largest  is  the  Jaguar  (Felis 
onm)  which  inhabits  South  America  and  the  southern  parts  of 
North  America.  It  is  a  very  laige  and  powerful  animal,  said 
to  be  able  to  carry  a  bullock  without  difficulty,  and  it  can  both 
swim  and  climb  with  great  facility.  Another  American  species 
is  the  Puma  (Fdts  conwlor),  in  which  the  colour  is  uniformly 
reddish  brown.  It  is  exclusively  confined  to  America,  and 
though  of  lai^e  size  (nine  feet  in  length,  including  the  tail),  it 
is  a  very  cowardly  species,  and  is  seldom  or  never  known  to 

The  Leopard  [Felis  leopardus)  is  another  well-known  species, 
smaller  than  the  Tiger,  and  marked  with  black  spots  in  pl^ce 
of  stripes.  It  is  a  native  of  all  the  warmer  parts  of  the  Old 
World. 

The  Panther  is  probably  merely  a  variety  of  the  Leopard, 
and  the  Ounce  (Fells  undo)  is  generally  believed  to  be  only 
its  immature  form.  Another  allied  form  is  the  Cheetah  or 
Hunting  Leopard  {Felis  jubaia),  of  southern  Asia  and  Africa. 

Of  the  smaller  Felida,  the  best  known  are  the  Lynxes  and 
the  Cats,  properly  so  called.  Of  these  tlie  Lynxes  are  distin- 
guished by  their  short  tails,  and  by  the  fact  that  the  ears  are 
furnished  with  a  pencil  of  hairs.  The  best-known  species  are 
the  European  Lynx  {Felis  lyncus'),  the  Caracal  {F.  caracal)  of 
southern  Asia  and  Africa,  and  the  Canadian  Lynx  {F.  Cana- 
densis) of  North  America.  In  the  true  Cats  {Felis  caltis),  the 
tail  is  long,  and  the  ears  are  not  tufted.  The  Wild  Cat  formerly 
existed  in  Britain,  but  is  now  extinct,  though  it  still  occurs  in 
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Europe,  especially  in  the  Hartz  and  Carpathian  Mountains. 
It  is  a  large  and  fierce  animal,  and  ajipears  to  be  quite  a  match 
for  any  man  not  possessing  firearms.  It  seems  tolerably  cer- 
tain that  the  Wild  Cat  is  not  the  original  stock  of  the  Domestic 
Cat,  the  exact  origin  of  which  is  uncertain.  It  has  been  sup- 
posed, however,  that  the  Domestic  Cat  is  descended  from  a 
small  species  {FcHs  inayiiculatd)  which  occurs  in  Nubia. 


CHAPTER  LXXX. 
RODENTIA. 


Order  X.  Rooentia. — The  tenth  order  of  Mammalia  is 
that  of  the  Rodmtia,  or  Rodent  Animals,  often  spoken  of  as 
Glires,  comprising  the  Mice,  Rats,  Squirrels,  Rabbits,  Hares, 
Beavers,  &c. 

The  Rodentia  are  characterised  by  the  possession  of  two 
long  curved  incisor  teeth  in  each  jaw,  separated  by  a  wide  in- 
terval from  the  molars.  The  lower  jaw  never  has  more  than 
two  of  these  incisors,  and  the  upper  jaw  very  rarely ;  but  some- 
times there  are  four  upper  incisors.  There  are  no  canine 
teeth,  and  the  molars  and  prsemoiars  are  few  in  number  (rarely 
more  than  four  on  each  side  of  the  jaw).  The  feet  are  usually 
furnished  with  five  toes  each,  all  of  which  are  amied  with  claws ; 
and  the  hallux,  when  present,  does  not  differ  in  fonn  from  the 
other  digits,  The  testes  pass  periodically  from  the  abdomen 
into  a  temporary  scrotum,  and  the  placenta  is  liiscoidal  and 
deciduate. 

The  most  characteristic  point  about  the  Rodents  is  to  be 
found  in  the  structure  of  the  incisors,  which  are  adapted  for 
continuous  gnawing — hence  the  name,  of  Rodentia.  The  in- 
cisor teeth  are  commonly  two  in  each  jaw,  and  they  grow  from 
persistent  pulps,  so  that  they  continue  to  grow  throughout  the 
life  of  the  animal.  They  are  large,  long,  and  curved  (fig.  228, 
B),  and  ate  covered  anteriorly  by  a  plate  of  hard  enamel.  The 
back  part  of  each  incisor  is  composed  only  of  the  comparatively 
soft  dentine,  so  that  when  the  tooth  is  exposed  to  attrition,  the 
soft  dentine  behind  wears  away  more  rapidly  than  the  hard 
enamel  in  front.  The  result  of  this  is  that  the  crown  of  the 
tooth  acquires  by  use  a  chisel-like  shape,  bevelled  away  be- 
hind, and  the  enamel  forms  a  persistent  cutting  edge  (fig.  228). 

Tiie  gnawing  action  of  the  incisors  is  assisted  by  the  arricu- 
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lation  of  the  lower  jaw,  the  condyle  of  which  is  placed  longi- 
tudinally and  not  transversely,  so  that  the  jaw  slides  backwards 
and  forwards.  The  molars,  consequently,  have  flat  crowns,  the 
enamelled  surfaces  of  which  are  always  arranged  in  transverse 
ridges,  in  opposition  to  the  antero-posterior  movement  of  the 
jaw.     The  intestine  is  very  long,  and.  the  cjecum  voluminous 


(rarely  wanting).  The  brain  is  nearly  smooth,  and  without 
convolutions.  The  orbits  are  not  separated  from  the  temporal 
fossje,  and  the  eyes  are  directed  laterally.  The  Rodents  are 
almost  all  very  small  animals,  and  they  are  mostly  very  proli- 
fic. They  subsist  principally,  if  not  entirely,  upon  vegetable 
matters,  especially  the  harder  parts  of  plants,  such  as  the  bark 
and  roots.  Many  of  them  possess  the  power  of  building  ela- 
borate nests,  and  most  of  thiem  hybemate.  They  are  very 
generally  distributed  over  the  whole  world,  but  no  member  of 
the  order  has  hitherto  been  detected  in  rocks  older  than  the 
Eocene  Tertiary. 

The  Order  Rodentia  comprises  a  very  large  number  of  fami- 
lies, only  the  more  ^important  of  which  can  be  noticed  here. 

Fam.  I.  Leporidm. — In  this  .family  are  the  Hares  (Lepus 
Hmidus)  and  Rabbits  '{Lepus  cuniculus),  distinguished  amongst 
the  Rodeiits  by  the  possession  of  two  small  incisors  in  the 
upper  jaw,  placed  behind  the  central  chisel-shaped  incisors,  so 
that  there  are  four  upper  incisors  in  all.  The  molars  and  prie- 
molars  are  rootless,  and  the  dental  formula  is — 


o'^" 


,  3=:3.  „3^3_ 
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which  have  only  four  toes.  The  two  orbits  communicate  bjr 
an  aperture  in  the  septum.  Generally  there  is  a  short  erect 
tail. 

The  common  Hare  {Lepm  timtdus)  is  dispersed  over  the 
whole  of  Europe,  but  is  not  met  with  in  Sweden  and  Norway, 
its  place  there  being  taken  by  the  Mountain-liare  (white  in 
winter),  which  occurs  commonly  in  Scotland.  As  a  rule,  the 
Hares  occur  in  temperate  regions,  but  some  are  found  in 
Africa,  and  one  species  {Lepus glactalis)  is  a  native  of  th&Arctic 
regions,  whilst  the  common  American  Hare  (L.  Americanui) 
extends  from  Canada  to  Mexico.  The  Rabbit  is  also  a  native 
of  temperate  regions,  but  appears  to  thrive,  to  a  more  than 
average  extent,  in  Australia. 

In  the  Calling  Hares  or  Pikas  [Lagomys),  the  legs  do  not 
differ  much  in  size,  there  is  no  visible  tail,  and  the  clavicles 
are  nearly  complete.  They  are  found  in  Russia,  Siberia,  and 
North  America. 

Fam.  7.  CavidiB. — As  examples  of  this  femily  may  be  taken 
the  Capybara  (Hydrocharus  capybara)  and  the  Guinea-pig 
(Cavia  apema).  In  this  family  the  body  is  covered  with  hair, 
without  spines,  and  the  tail  is  rudimentary.  The  Capybara  is 
the  largest  of  living  Rodents,  attaining  a  length  of  three  or 
four  feet.  It  is  a  South  American  form,  leading  a  semi-aquatic 
life,  to  which  end  the  feet  are  incompletely  webbed.  It  is  a 
harmless  stupid  animal,  and  is  not  unlike  a  small  pig  in  appear 
ance.  The  Cavia  aperaa  is  likewise  a  South  American  animal, 
and  is  believed  to  be  the  parent  stock  of  the  Guinea-pigs  so 
often  kept  as  domestic  pets  in  Europe.  To  the  same  group 
as  the  Capybara  belong  the  Agofltis  {Dasyproda)  and  the  Pacas 
(Ccdogenys),  all  of  which  have  eight  rootless  molars  in  each 
jaw,  whilst  the  two  former  have  four  toes  to  the  fore-feet,  and 
tliree  toes  on  the  hind-feet  The  various  species  of  Agouti  are 
found  in  South  America  and  the  West  Indies,  whilst  the  Pacas 
are  exclusively  South  American.  In  this  family,  also,  are  usu- 
ally placed  the  Chinchillas  ( Chinchilld)  of  Chili  and  Peru. 

Fam.  3,  Hysiridd^. — In  this  family  are  the  well-known  Por- 
cupines, distinguished  from  the  other  Rodents  by  the  fact  that 
the  body  is  covered  with  long  spines  or  "  quills,"  mixed  with 
bristly  hairs.  They  have  four  molars  on  each  side  of  each  jaw, 
and  they  possess  imperfect  clavicles. 

The  true  Porcupines  {Hystrix)  have  n  on -prehensile  tails, 
which  are  mostly  furnished  with  long  hollow  spines,  but  some- 
times with  scales. and  brjstles.  They  are  found  in  both  the 
Old  and  New  World,  but  the  American  species  differ  in  several 
respects  from  tliose  of  the  eastern  hemisphere.   They  are  mostly 
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inhabitants  of  hot  climates,  with  the  exception  of  the  common 
Porcupine  (H.  eristata),  which  occurs  in  southern  Europe  and 
in  the  north  of  Africa.  In  the  genus  Atherura  of  Asia  and  the 
Indian  Archipelago,  the  tail  is  terminated  by  a  bundle  of  flat- 
tened hoiny  strips.  In  the  genus  Erdhison,  represenled  by  the 
Canada  Porcupine  {E.  dorsatum)  of  North  America,  the  quills 
are  short,.and  are  half  hidden  in  the  hair. 

The  nearly-allied  genus  Cercolabes  is  South  American,  and  it 
is  distinguished  from  the  preceding  by  the  possession  of  a  long 
prehensile  tail.  In  fact,  Cercolabes,  like  so. many  of  the  in- 
habitants of  this  wonderful  continent,  is  adapted  for  an  arbo- 
real life,  instead  of  being  confined  to  the  ground. 

■Fam.  4.  Castorida. — The  best-known  example  of  this  family 
is  the  Beaver  {Castor Jiber).  The  distinctive  peculiarities  of 
the  family  are  the  possession  of  distinct  clavicles,  the  posses- 
sion of  five  toes  to  each  foot,  and  the  fact  that  the  hinder  feet 
are  mostly  webbed,  adapting  the  animal  to  a  semi-aquatic  life. 

The  Beaver  is  a  large  Rodent,  attaining  a  length  of  from 
two  and  a  half  to  three  feet.  Naturally  it  is  a  social  animal, 
living  in  societies,  and  this  is  still  the  case  in  America  ;  but  in 
northern  Europe  and  Asia,  where  the  animal  has  been  much 
bunted,  it  lead.'i  a  solitary  life.  When  living  in  social  commu- 
nities the  beavers  build  dams  across  the  rivers,  as  well  as  habi- 
tations for  themselves,  by  gnawing  across  the  branches  of  trees 
or  shrubs,  and  weaving  them  together,  the  whole  being  after- 
wards plastered  with  mud.  In  this  last  operation  the  tail,  which 
is  flattened  and  scaly,  is  employed  very  much 'as  a  mason  uses 
hjs  trowel'.  There  is  no  doubt  but  that  the  Beaver  shows  ex- 
traordinary ingenuity  in  theseund  similar  operations ;  but  there 
can  be  equally  little  doubt  as  to  the  greatly-exaggerated  stories 
which  have  been  set  afloat  in  this  connection.  The  Beaver  is 
hunted  chiefly  for  the  sake  of  the  skin,  but  also  for  the  sub- 
stance known  as  castoreum.  This  is  a  fatty  substance,  secreted 
by  peculiar  glands,  and  employed  as  a  therapeutic  agent. 

There  are  two  other  members  of  the  Castorida  which  are 
hkewise  largely  captured  for  the  sake  of  their  skins.  One  of 
these  is  the  Musquash  {Fiber  Zibethicus),  which  inhabits  North 
America,  and  the  other  is  the  Coypu  {Myoptamus  coypus), 
which  inhabits  burrows  in  the  banks  of  rivers  in  Chili.  In  the 
Musquash  the  hind  feet  are  not  completely  webbed,  and  the 
tiul  is  moderate  in  size,  and  covered  with  short  hairs  and  small 
rounded  scales.  In  the  Coypu  the  hind  feet  are  webbed,  but 
the  tail  is  long,  rounded,  and  furnished  with  scales  and  scat- 
tered hairs. 

Fam.  5.  Murida. — The  fifth  family  of  Rodents  is  that  of 
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the  Muridm,  comprising  the  Rats,  Mice,  and  Lemmings, 
this  family  the  tail  is  long,  always  thinly  haired,  sometii 
naked  and  scaly.  The  lower  incisors  are  narrow  and  pointed, 
and  there  are  complete  clavicles.  The  hind-feet  are  furnished 
with  five  toes,  the  fore-feet  with  four,  together  with  a  rudi- 
mentary poUex. 

The  Rats  {Mus  rattus  and  Miis  decumanus),  the  .common 
Mouse  {Mus  musculus),  the  Field-mouse  {Mus  sylvaticus),  and 
the  Harvest- mouse  {Mus  messorius),  are  all  well-known  examples 
of  this  family,  and  are  too  familiar  to  require  any  description. 
The  three  first  are  also  common  in  North  America.  Closely 
allied  to  the  tme  Rats  are  the  Hamsters  {Cricelus,  fig.  229),  and 
the  Voles  {Arvlcola) ;  the  latter  represented  by  many  species^in 
both  Europe  and  America. 

A  less  familiar  example  of  this  family  is  the  Lemming  {Myodes 


lemmus).  This  curious  little  Rodent  is  found  inhabiting  the 
mountainous  regions  of  Norway  and  Sweden,  It  is  chiefly  re- 
markable for  migrating  at  certain  periods,  generally  towards  the 
approach  of  mnter,  in  immense  multitude.^  and  in  a  straight 
line,  apparently  in  obedience  .to.  some  blind  mechanical  im- 
pulse. In  these  journeys  the  Lemmings  march  in  parallel 
columns,  and  nothing  will  induce  them  to  deviate  from  the 
straight  line  of  march. 

Fam.  6.  nipodidce.—Th^  sixth  famUy  of  the  Rodents,  which 
is  sufficiently  important  to  need  notice,  is  that  of  the  Dipodidm 
or  Jerboas,  mainly  characterised  by  the  disproportionate  length 
of  the  hind-limbs  as  compared  with  the  fore-limbs.  The  tail 
also  is  long  and  hairy,  and  there  are  complete  clavicles.  The 
Jerboas  live  in  troops,  and  owing  to  the  great  length  of  the 
hind-legs,  they  can  leap  with  great  activity  and  to  great  dis- 


Hosled  by  Google 


RODENTIA.  591 

tances.  They  are  aO  of  small  size,  and  inhabit  Russia,  North 
Africa,  and  North  America.  The  best-known  members  of  this 
family  are  the  common  Jerboa  {Dipus  jUgypticus),  which  lives 
in  societies  and  constructs  burrows;  the  Jumping  Hare  {Pedeies 
Capmsis)  of  South  Africa,  and  the  Jumping  Mouse  {Meriones 
Htidsonicus)  of  North  America.  Here  also  may  be  placed  the 
Gerbilles  {GerbUlm)  of  the  Old  World. 

Fam.  7.  Myoxida. — The  members  of  this  family  are  com- 
monly known  as  Dormice,  and  they  are  often  included  in  tlie 
following  family  of  the  Squirrels  and  Marmots,  They  only  re- 
quire to  be  mentioned,  as  they  must  not  be  confounded  with 
the  true  Mice  {Murida)  on  the  one  hand,  or  the  Shrew-mice 
{Soriddw)  on  the-  other;  the  latter,  indeed,  belonging  to  an- 
other order  (InS(ctivora),  The  common  Dormouse  [Myoxus 
avdlanarius)  is  a  British  species,  and  must  be  familiarly  known 
to  almost  everybody.  No  species  of  this  family  have  yet  been 
described  from  the  New  World. 

Fam.  8.  Sdurida.-—'Y\i\^  is  the  last  family  of  Rodents  which 
calls  for  any  special  mention,  and  it  comprises  the  true  Squirrels, 
the  Flying  Squirrels,  and  the  Marmots. 

The  true  Squirrels  {Sciurus)  are  familiarly  known  in  the 
person  oi  the  common  British  species  {Sciurus  vulgaris),  and 
the  equally  common  Gray  Squirrel  {S.  dnerms)  of  the 
United  States.  Numerous  species  more  or  less  closely  allied 
to  these  occur  in  other  countries,  and  they  are  especially 
abundant  in  North  America. 

In  the  genera  Pteromys  and  Sciuropterus,  or  Flying  Squirrels, 
there  is  a  peculiar  modification  by  which  the  animal  can  take  ex. 
tended  leaps  from  tree  to  tree.  The  skin,  namely,  extends  in 
the  form  of  a  broad  membrane  between  the  hind  and  fore  legs, 
and  this  acts  as  a  kind  of  parachute,  supporting  the  animal  in 
the  air.  There  is,  however,  no  power  whatever  of  true  flight, 
and  the  structure  is  identically  the  same  as  what  we  have  i-ire- 
viously  seen  in  the  Flying  Phalangers  (Petaurus),  which  take 
the  place  of  the  Flying  Squhrels  on  the  Australian  continent. 
The  Flying  Squirrels  are  found  in  southern  Asia,  Polynesia,  the 
north-east  of  Europe,  Siberia,  and  North  America. 

The  Marmots  {Arciomys),  unlike  the  true  Squirrels,  are  ter- 
restrial in  their  habits,  and  live  in  burrows.  Various  inter- 
mediate forms,  however,  are  known,  by  which  a  transition  is 
effected  between  the  typical  Squirrels  and  the  Marmots.  Such, 
for  example,  are  the  Ground  Squirrels  {Taniias)  of  Europe, 
Asia,  and  North  America.  There  are  numerous  species  of  this 
family  inhabiting  various  parts  of  Europe  and  northern  Asia, 
and  generally  distributed  over  .the  whole  of  North  America. 


Hosled  by  Google 


592  MANUAL   OF   ZOOLOGY. 

Good  examples  are  the  Alpine  Marmot  {J.  Alpinus)  of 
Europe  and  the  Prairie  Dog  (Cynonys  Ltidovicianus)  of  North 
America. 


CHAPTER    LXXXI. 

CHEIROPTERA. 

Order  XI.  Chei  ropier  a.* — This  order  is  undoubtoJly  "the 
most  distinctly  circumscribed  and  natural  group''  in  the  whole 
class  of  the  Mammalia.  In  many  respects,  however,  it  would 
be  advantageous  to  regard  the  Cheiroptera  as  a  sub-order  of 
the  next  order  (namely,  the  Inseciivord)  specially  modified  to 
lead  an  aerial  life;  just  as  the  J'inmgraila  are  regarded  as  a 
mere  section  of  the  Camivora  specially  modified  to  suit  an 
aquatic  life. 

The  C/isiropfera  are  essentially  characterised  by  the  fact  Jhat 
the  anterior  limbs  are  longer  than  the  posterior,  the  digits  of 
the  fore-limb,  with  the  exception  of  the  pollex,  being  enor- 
mously elongated  (fig.  230).  These  elongated  fingers  are 
united  by  an  expanded  membrane"  or  "  patagium,"  which  is 
also  extended  between  the  fore  and  hind  limbs  and  the  sides 
of  the  body,  and  in  many  cases  passes  also  between  the  hind- 
limbs  and  the  tail.  The  patagium  thus  formed  is  naked, 
or  nearly  so,  on  both  sides,  and  it  serves  for  flight.  Of  the 
fingers  of  the  hand,  the  pollex,  and  sometimes  the  next  finger 
as  well,  is  unguiculate,  or  furnished  with  a  claw ;  but  the 
other  digits  are  destitute  of  nails.  In  the  hind-limbs  all  the 
toes  are  unguiculate,  and  the  hallux  is  not  in  any  respect  dlf 
ferent  from  the  other  digits.  Well-developed  clavicles  are 
always  present,  and  the  radius  has  no  power  of  rotation  upon 
the  ulna.  The  mammary  glands  are  two  in  number,  and  are 
placed  upon  the  chest.  There  are  teeth  of  three  kinds,  and 
the  canines  are  always  well  developed.  The  molars  are  tuber- 
culate  or  grooved  in  the  frugivorous  forms,  and  cuspidate  in 
the  insectivorous  species.  The  ulna  is  sometimes  quite  rudi- 
mentary. The  bones  are  not  pneumatic  The  testes  are  ab- 
dominal except  during  the  breeding  season.  The  stomach  is 
complex  and  the  intestine  long  in  the  fruit-eating  Bats;  but 
the  reverse  of  this  obtains  amongst  the  Insectivorous  forms. 
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Tlic  d'/Mw^/tra  are  cosmopolitan  in  their  distribution,  and  the 
oldest  known  species  is  from  the  Eocene  rocks. 

Tlie  Bats  are  all  crepuscular  and  nocturnal  in  their  habits, 
and  are  sometimes  carnivorous,  sometimes  frugivorous.  The 
eyes  are  small,  but  the  ears  are  verj  large,  and  their  sense  of 
touch  is  most  acute.  .  During  the  day  they  retire  to  caves  or 
crevices  amongst  the  rocks,  where  they  suspend  themselves  by 
means  of  the  short  tliumbs,  which  are  provided  with  curved 
claws.  In  their  flight;  though  they  can  fly  in  the  genuine  and 
proper  sense  of  the  term,  and  can  turn  with  great  ease,  they 


»re  by  no  means  as  rapid  and  as  active  as  are  the  true  birds. 
The  tail  is  sometimes  short,  sometimes  moderately  long,  and 
is  usually  included  in  a  continuation  of  the  leathery  patagiuni, 
which  stretches  between  the  hind-legs,  &nd  is  termed  the  "  in- 
ter-femoral membrane."  The  body  is  covered  with  hair,  but 
the  patagiura  is  usually  hairless,  or  nearly  so.  Most  of  the 
Bats  hybernate. 

The  Cheiroptera  are  conveniently  divided  into  the  two  sec- 
tions of  the  Insectivora  and  Frugivora,  according  as  the  diet 
consists  of  insects  or  of  fruits. 
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Section  A,  Insectivora. — In  this  section  are  tlie  three 
families  of  the  Vespei-tilioHid<e,Rhinolophida,3S\d.PhyUosiomidm. 

Fam.  I.  VespertilionidcB. — -In  this  family  are  the  ordinary 
Bats,  distinguished  by  having  a  dentition  very  like  that  of  the 
order  of  the  Insectivorous  Mammals,  the  molar  teeth  being 
furnished  with  small  pointed  eminences  or  cusps,  adapted  for 
crushing  insects.  The  nose  is  not  furnished  with  leaf- like 
appendages,  and  the  tail  is  usually  elongated,  and  enclosed  in 
a  large  inter-femoral  membrane.  About  fifteen  species  of  tliis 
family  have  beeh  described  as  British,  biit  of  these  only  two 
are  at  all  common.  Of  these  two,  the  Pipistrelle  {  Vcspertilio 
pipistrcUa)  is  the  commonest  species,  occurring  over  the  whole 
of  Britain.  The  long-eared  Bat  {Pkcotusaurifus)  is  also  not 
uncommon,  and  is  distinguished  by  its  greatly  elongated  ears, 


which  are  confluent  above  the  forehead.  The  largest  British 
species  is  the  Noctule  ( Vespertilio  nochUd),  which  measures  as 
much  as  fifteen  inches  in  expanse  of  wing. 

Fam.  2.  Mhinolophidm. — The  second  family  of  the  Insec- 
tivorous Bats  is  that  of  the  Rhinolophida  or  Horse-shoe  Bats, 
which  in  niost  respects  are  very  similar  to  the  Vespertilioniilce, 
but  are  distinguished  by  the  possession  of  a  complex  leaf-like 
apparatus  appended  to  the  nose.  Of  this  family,  two  British 
species  are  known — the  Greater  and  Lesser  Horse-shoe  Bats 
{Rhinolopkus  ferrum-equinum  and  R.  hipposideros). 

Fam.  3.  Phyllostomid<s. — This  is  the  only  remaining  family 
of  the  Insectivorous  Bats,  and  comprises  the  well-known  Vam- 
pire-bats (fig.  231,  A),  distinguished  by  having  leaf-iike  nasal 
appendages,  and  by  the  fact  that  the  eaw  are  of  small  size  ; 
whereas  in  the  preceding  they  are  always  very  large  (Rhimlo- 
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phiis),  and  are  often  confluent  above  the  forehead  {Megaderma). 
They  are  all  of  large  size,  and  are  natives  of  South  America. 
The  Vampire-bat  {Phyliostoma  spectrum)  has  an  expanse  of  wing 
of  two  feet  and  a  half,  and  lives  chiefly  upon  insects.  It  also 
has  the  habit  of  sucking  the  blood  of  sleeping  animals,  appear- 
ing sometimes  to  attack  even  man,  though  apparently  never 
doing  any  substantial  or  lasting  injury. 

Section  B.  Frugivora, — In  the  fruit-eating  section  of  the 
Cheiroptera  are  only  the  Pteropid<x  or  the  Fox-bats,  so  called 
from  the  resemblance  of  the  head  to  that  of  a  fox  (fig.  231,  B). 
The  head  in  these  bats  is  long  and  pointed.  The  ears  are 
of  moderate  size,  and  the  nose  is  destitute  of  any  appendages. 
Cutting  incisors  and  canines  ate  present  in  both  jaws,  and  the 
Fox-bats  do  not  refuse  to  eat  small  birds  or  mammals.  They 
live,  however,  mostly  upon  fruits,  and  the  molars  are  therefore 
not  cuspidate,  but  are  furnished  with  blunt  tubercular  crowns. 
The  tail  is  very  short,  or  is  entirely  absent.  The  Pteropidm  are 
amongst  the  largest  of  the  Bats,  one  species — the  Fteropus 
edulis,  or  Kalong — attaining  a  length  of  from  four  to  five  feel 
from  the  tip  of  one  wing  to  that  of  the  other.  The  Pteropidm 
are  especially  characteristic  of  the  Pacific  'Archipelago — Java, 
Sumatra,  Borneo,  &c.— but  they  also  occur  in  Asia,  Australia, 
and  Africa.  They  do  not  occur,  however,  in  either  North  or 
South  America. 


CHAPTER  LXXXII. 
INSECTIVORA. 


Order  XII.  Insectivora. — The  twelfth  order  of  Mammals 
is  that  of  the  Tnsectivora,  comprising  a  number  of  small  Mam- 
mals which  are  very  similar  to  the  Rodents  in  many  respects, 
but  want  the  peculiar  incisors  of  that  order,  and  are  likewise 
always  furnished  with  clavicles. 

In  the  Tnsectivora,  all  the  three  kinds  of  teeth  are  usually 
present,  but  the  exact  nature  of  the  dentition  varies  consider- 
ably in  different  cases.  The  incisors  and  canines  present  little 
special,  but  the  molars  are  always  serrated  with  numerous 
small  pointed  eminences  or  cusps,  adapted  for  crushing  insects. 
With  one  exception,  clavicles  are  always  present  in  a  complete 
form.  All  *he  feet  are  usually  furnished  with  five  toes  ;  all  the 
toes  are  furnished  with  claws ;  and  the  animal  walks  on  the 
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soles  of  the  feet,  or  Js  plantigrade.  The  testes  pass  perio<iically 
from  the  abdomen  into  a  temporary  scrotum  ;  and  the  placenta 
is  deciduate  and  discoidal.  They  are  mostly  nocturnal  and 
subterranean,  and  generally  hybemate.  They  are  all  of  small 
sizej  and  are  found  everywhere,  escept  in  the  continents  of 
South  America  and  Australia,  where  their  place  is  filled  by 
Marsupials. 

The  three  leading  families  of  tJie 
1  Insectivora  are  the  Talpidaox  Moles, 
I  the  Soricida  or  Shrew  mice,  and  the 
I  Erinaeeidfz  or  Hedgehogs. 

Fain.  I.  Talpida.—I'ht  body  in 
this  family  is  covered  with  hair ;  the 
feet  are  fonned  for  digging  and  bur- 
f  rowing,  and  the  toes  are  furnished 
with  strong  curved  claws.  There 
are  no  external  ears ;  and  the  eyes 
in  the  adult  are  rudimentary,  and  more  or  less  completely 
useless  as  organs  of  vision.  There  is  a  peculiar  bone  for  the 
support  of  the  muzzle.  The  clavicles  are  strong,  the  arm  very 
short,  the  hand  wide,  and  the  palm  always  turned  outwards 
and  backwards.  The  fur  is  short  and  velvety,  and  the  tail 
very  short  or  wanting,  in  most  cases. 


n,  Hedgch. 


The  common  Mole  {TaJpa  Europma,  fig.  233)  is  the  only 
British  species  of  the  family,  and  a  representative  form  {Con- 
dylurd)  occurs  in  North  America.  One  of  the  most  remarkable 
of  the  Taipidm  is  the  Golden  Mole  {Chrysochloris  aureus)  of 
Africa.  In  form  and  habits  this  species  resembles  the  com- 
mon Mole,  but  the  hairs  of  the  fiir  have  the  property  of  dis- 
persing the  rays  of  light,  and  thus  of  giving  rise  to  beautiful 
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metallic  colours,  such  as  are  produced  by  the  "setie"  of  the 
Sea-mice  {Afhroditi)  amongst  the  Annelides.  The  star-nosed 
Moles  (Coudyhird)  are  North  American,  and  are  distinguished 
by  a  fringe  of  elongated  membranous  caruncles  surrounding 
the  nostrils.     The  tail  is  moderately  long. 

Fam.  2.  Soricida:. — The  Soriddm  or  Shrew-mice  are  distin- 
guished by  having  the  body  c^jvered  with  hair,  and  the  feet  not 
adapted  for  digging;  whilst  there  are  external  ears,  and  the 
eyes  are  well  developed.  Of  all  the  Jnsectivora,  no  division  is 
more  abundant  or  more  widely  distributed  than  that  of  the 
Shrew-mice.  In  generalform  and  appearance  the  Shrews  very 
closely  resemble  the  true  Mice  {Muridm)  and  the  Dormice 
{Myoxidm),  but  they  are  in  reality  widely  different,  and  must 
not  be  confounded  with  them.  The  common  Shrew  {Sorex 
aranms)  and  the  Water-Shrew  {Sorex  fodims)  are  both  well- 
known  species  of  this  family.  The  smallest  known  Mammal 
is  one  of  the  Shrews  {Sorex  Mtrmcws),  which  is  not  more  than 
two  and  a  half  inches  in  length,  counting  in  the  tail.  Besides 
the  true  Shrews,  the  Shrew-moles  (Sea/ops)  and  the  Elephant 
Slirews  {Macrosceli/Us)  are  included  in  this  family,  the  former 
being  North  American,  whilst  the  latter  are  African. 

Jutm.  3.  Erittaceida. — The  last  family  of  the  Insedivora  is 
that  of  the  Hedgehogs,  characterised  by  the  fact  that  the 
upper  part  of  the  body  is  covered  with  prickly  spines,  the  feet 
are  not  adapted  for  dicing,  and  they  have  mostly  the  power 
of  rolling  themselves  into  a  bal!  at  the  approach  of  danger. 
Tlie  common  Hedgehog  {Erinaeeiis  Europkus)  is  m  e%  ery  way 
a  typical  example  of  this  family,  but  is  too  well  known  to  re 
quire  any  description.  Other  species  of  £^i«rt  «/j  have  been 
recorded  from  Africa  and  India. 

The  "Tenrecs"  {Centetes)  are  natives  of  Madagascar  and 
may  be  regarded  as  Hedgehogs  without  the  po«er  of  rolling 
themselves  up  into  a  ball.  They  have  no  tail  and  hai  e  the 
skin  beset  with  spines  or  spine-like  bristles 

The  "  Banxrings"  {Tupaia)  are  arboreal  m  the  r  hah  ts  and 
aje  confined  to  the  Indian  Archipelago  They  must  be  reg^rded 
as  the  type  of  a  distinct  family  of  Insedivora  They  ha\e  a 
long  attenuated  snout,  with  large  eyes  a  long  body  and  a  close 
fur  intermixed  with  soft  hairs.  The  feet  are  pHnti^  nde  five 
toed,  witii  naked  soles  and  sickle-shaped  claws.  The  tail  is 
longer  than  the  body,  compressed  and  fringed  at  the  sides. 

GALEOP  ITH  ECIDjE. 

Before  passing  on  to  the  Quadrumana,  mention  must  be 
made  here  of  a  very  singular  animal  which  forms  a  kind  of 
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connecting  link  between  the-  orders  of  the  hisectivora  and 
Quadrumana,  having  been  sometimes  placed  in  the  one  and 
sometimes  in  the  other,  or  having  been  regarded  as  the  type 
of  a  separate  order.  The  order  includes  only  the  single  genus 
Galeoplthecus,  comprising  the  so-called  "  Flying  Lemurs."  All 
the  Galeopitheci  inhabit  the  Indian  Archipelago,  but  the  best 
known  is  the  Gakopitheais  volans  of  Java,"  Sumatra,  and 
Borneo.  The  most  characteristic  point  in  this  singular  animal 
is  the  presence  of  a  flying  membrane,  presenting  some  super- 
ficial resemblance  to  the  patagium  of  the  Bats,  but  in  reality 
ver^  much  the  same  as  the  integumentary  expansions  of  the 
Flying  Squirrels  and  Flying  Phalangers.  Tliis  membraiie  in 
the  GaleopUfiectts  extends  as  a  broad  expansion  from  the  nape 
of  the  neck  to  the  arms,  from  the  arms  to  the  hind-legs,  and 
from  the  hind-legs  to  the  tail,  forming  an  inter-femoral  mem- 
brane. "The  fingers  are  not  elongated,  and  do  not  support  a 
patagium,  as  in  the  Bats,  so  that  the  animals  have  no  power  of 
true  flight,  and  can  simply  take  extended  leaps  from  tree  to 
tree.  The  feet  are  furnished  with  five  toes  each,  united  by  a 
membrane,  but  neither  the  liallux  nor  the  poUex  are  opposable 
to  the  other  digits.  The  dentition  is  complicated,  and  con- 
sists of  incisors  and  molars,  and,  according  to  Owen,  canines 
also,  the  dental  formula  being — 

'  3— 3 '  "^  ^=1 '  ^'"  2-2  '  ''^  3=3  ""  '^^' 
The  six  lower  incisors  are  split  into  narrow  strips,  like  the  teeth 
of  a  comb.  The  Galeopitheci  live  chiefly  upon  small  birds  and 
insects,  but  also  partially  upon  fruits.  They  are  nocturnal 
animals,  arboreal  in  their  habits,  and  they  sleep  head-down- 
wards, suspended  by  tlieir  prehensile  tails. 


CHAPTER  LXXXIIL 
QUADRUMANA. 


Order  XIII.  Quadrumana. — The  thirteenth  order  of  Mam- 
mals is  that  of  the  Qiiadntmana,  comprising  the  Apes,  Mon- 
keys, Baboons,  Lemurs,  &c.,  characterised  by  the  following 
points : — 

The  hallux  (innennost  toe  of  the  hind-limb)   is  separated 
from  the  other  toes,  and  is  opposable  to  them,  so  that  the 
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hind-feet  become  prehensile  hands.  The  pollex  (innermost 
toe  of  the  fore-limbs)  may  be  wanting,  bat  when  present,  it 
also  is  usually  opposable  to  the  other  digits,  so  that  the  animal 
becomes  truly  quadrumanous,  or  four-handed. 

The  incisor  teeth  generally  are  ?^^,  and  the  molars  ^^, 

with  broad  and  tuberculate  crowns.  Perfect  clavicles  are  pre- 
sent The  teats  are  two  in  number,  and  are  pectoral  in  posi- 
tion, and  the  placenta  is  discoidal  and  deciduate. 


The  Quadtumana  are  divided .  by  Owen  into  three  very 
natural  groups,  separated  from  one  another  by  their  anatomical 
characters  and  by  their  geographical  distribution  as  follows  : — 

S^ciiim  A.  Strepsirhina. — The  members  of  this  section  are 
characterised  by  the  nostrils  being  curved  or  twisted,  whilst 
the  second  digit  of  the  hind-limb  has  a  daw.  This  section 
includes  the  true  T.enuirs  and  a  number  of  allied  forms.  It  is 
chiefly  referable  to  Madagascar  as  its  geographical  centre ;  but 
it  spreads  westwards  into  Africa,  and  eastwards  into  the  Indian 
Archipelago. 

Section  B.  Phtyrhiia.—Thh  section  inclildes  those  Quad- 
'n  which  the  nostrils  arg  placed  far  apart;  the  thumbs 
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of  the  fore-feet  are  either  wanting,  or,  if  present,  are  not  oppos- 
able to  the  other  digits;  and  the  tail  is  generally  prehensile. 
The  Platyrhine  Monkeys  are  exclusively  confined  to  South 
America. 

SAlion  C.  CatarJiina.^ln  this  section  the  nostrils  are  ob- 
lique, and  placed  close  together.  The  thumb  of  the  fore-limb 
(poUex),  with  one  exception,  is  present,  and  is  always  oppos- 
able to  the  other  digits.  The  Catarhine  Monkeys  are  resfricted 
entirely  to  the  Old  World,  and,  with  the  single  exception  of  a 
Monkey  which  inhabits  the  rock  of  Gibraltar,  they  are  exclus- 
ively confined  to  Africa  and  Asia.  It  is  in  the  Catarhine  sec- 
tion of  the  Quadrumana  that  we  have  the  highest  group  of 
the  Monkeys— that,  namely,  of  tlie  Anthropoid  or  Tail-less 
Apes. 

This  section  of  the  Quadrumana,  as  before  said,  is  charac- 
terised by  the  possession  of  twisted  or  curved  nostrils,  placed 
at  the  end  of  the  snout.     The  incisor  teeth  are  generally  much 

modified,  and    are    in    number  as    a   rule ;    the   lower 

.     .  3-3  ,_, 

mcisors  are  produced  and  slanting ;  the  premolars  are     . 

or  -_2-,  and  the  molars  are  tuberculate.  The  second  digit 
of  the  hind-IImb  has  a  claw,  and  both  fore  and  hind  feet  have 
five  toes  each,  all  the  thumbs  being  generally  opposable.  In 
the  true  Lemurs,  a!l  the  digits,  except  the  second  toe  of  the 
hind-feet,  are  furnished  with  nails. 

This  section  is  often  called  that  of  the  Prosimiis,  and  it  in- 
cludes several  families,  of  which  the  Aye-Ayes,  Loris,  and  true 
Lemurs  are  the  most  important. .  In  many  works  the  Galeo- 
^ilhecus  is  also  placed  in  this  section. 

The  family  of  the  Aye-Ayes  (Cheirotnydd)  includes  only  a 
single  animai,  the  Chdromys  Madagascartensis.  In  appearance 
the  Aye-Aye  is  not  very  unlike  a  large  Squirrel,  having  a  hairy 
body  and  a  long  bushy  tail.  There  are  no  canines,  and  the 
molars  are  separated  by  a  wide  interval  from  the  mcisors.  Tiie 
incisors  are  ploughshare-shaped,  and  grow  from  permanent 
pulps,  as  in  the  Rodents.  The  fore-feet  have  fi\e  toes,  armed 
with  strong  claws,  but  the  poilek  is  scarcely  opposable  to  the 
other  digits.  The  middle-finger  is  about  as  long  as  the  ring- 
finger,  but  only  about  half  as  thick,  its  last  two  joints  being 
hairless.  The  hind-feet  have  also  five  toes,  of  which  the  hallux 
is  opposable,  and  the  second  digit  is  furnished  with  a  long 
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claw.     As  far  as  is  yet  known,  the  Cheiromys  is  entirely  con- 
fined to  Madagascar. 

In  the  Nycticehida  are  the  Loris  and  the  Slow  Lemurs,  in 
which  there  is  no  tail,  or  but  a  rudimentary  one ;  the  ears  are 
short  and  rounded,  and  the  eyes  are  large,  and  are  placed  close 
together.  The  species  of  this  family  are  all  of  small  size,  and 
are  exclusively  confined  to  the  eastern  portion  of  the  Old 
World,  occurring  in  Java,  Ceylon,  the  southern  parts  of  Asia, 
and  other  localities  in  the  same  geographical  area.  They  are 
nocturnal  in  their  habits,  living  mostly  on  trees,  and  feeding 
upon  insects  ;  and  from  the  slowness  with  which  some  of  them 
progress,  they  are  sometimes  spoken  of  as  "Slow  Lemurs." 
The  best-known  species  are  the  Slender  Loris  {L.  gracilis)  of 
Ceylon,  and  the  Nydicehts  tardigradus  of  the  East  Indies. 

The  largest  and  most  important  of  the  families  of  the  Strep- 
sirhitia  is  that  of  the  Lemuridm  or  true  Lemurs.  In  this  family 
the  muzzle  is  elongated,  the  feet  are  all  furnished  with  oppos- 
able thumbs,  and  the  nails  on  all  the  "toes  are  flat,  with  the 
exception  of  the  second  toe  of  the  hind-foot,  in  which  there  is 
a  long  and  pointed  claw.  The  body  is  covered  with  a  soft 
fur,  and  the  tail  is  usually  of  considerable  length,  and  is 
covered  with  hair.  They  are  easily  domesticated  ;  and  though 
capable  of  biting  pretty  «everely,  their  disposition  is  gentle  and 
docile.  They  are  mostly  about  the  size  of  cats,  and  not  unlike 
them  in  appearance,  being  often  termed  "  Madagascar  cats " 
by  sailors.  They  are  found  almost  exclusively  in  the  great 
forests  of  Madagascar,  moving  about  amongst  the  trees  with 
great  activity,  by  means  of  their  prehensile  tails.  They  appear 
to  fill  in  Madagascar  the  place  occupied  by  the  higher  Quad- 
Tuniana  upon  the  adjoining  continent  of  Africa.  The  largest 
species  is  the  Indri,  which  has  very  long  hind-legs,  and  stands 
as  much  as  three  feet  in  height. 

Platyrhina. 

The  section  of  the  Platyrhine  Monkeys  is  exclusively  con- 
fined to  South  America,  and  one  of  its  leading  characters  is  lo 
be  found  in  the  almost  universal  possession  of  a  prehensile 
tail ;  this  being  an  adaptive  character  by  which  they  are 
suited  to  the  arboreal  life  which  so  many  of  the  South  Ameri- 
can Mammals  are  forced  to  lead.  There  are  neither  cheek- 
pouches  nor  natal  callosities,  and  there  is  an  additional  pne- 
molar,  and  sometimes  a  molar  less  than  in  man  and  theOld  World 
Monkeys,     The  nostrils  are  simple,  wide  apart,  and  placed 

nearly  at  the  extremity  of  the  snout     The  prsemolars  are    — - 
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in  number,  and  have  blunt  tubercles.  The  thumbs  of  the  fore- 
hands are  either  wanting  altogether,  or,  if  present,  are  not 
opposable,  though  versatile. 

The  Platyrhine  Monkeys  are  divided  into  the  two  sections 
of  the  Hapalida  and  Cebidce. 

Fam.  I.  Hapalida.—\n  this  family  the  number  of  teeth  is 
the  same  as  in  the  Old  World  Monkeys  and  in  Man,  but 
there  is  an  additional  prfemolar  on  each  side  of  each  jaw,  and 
a  molar  less.  According  to  Owen,  the  dental  formula  of  the 
Marmoset  is — 

The  molars,  however,  are  tuberculate,  and  though  the  num- 
ber of  teeth  is  the  same  as  in  the  Catarhine  Monkeys,  in  their 
other  characters  the  Marmosets  are  genuine  Platyrbines.  The 
hind-feet  have  an  opposable  hallux  with  a  fiat  nail,  but  all  the 
other  toes  are  unguicuiate,  and  the  poUes  is  hardly  opposable. 
The  ta.il  is  long,  but  is  not  prehensile. 

The  Hapalida  are  all  small  monkeys,  mostly  about  as  big 
as  Squirrels,  and  tliey  are  exclusively  South  American,  occur- 
ring especially  in  Brazil.  The  best-known  species  is  the 
comnaon  Marmoset  {Hapale penicillatd),  but  several  species  are 
domesticated  and  kept  as  pets. 

Fam  2.  C^idiB. — In  this  iamily  are  all  the  typical  Platyrhine 
Monkej^,  in  whicJi  the  dentition  differs  from  that  of  the  IJap- 
alidm  in  having  an  additional  molar,  so  that  the  molars  are  the 
same  as  in  the  Catarhina  and  in  Man,  but  the  pra:moIars  are 
The  dental  formula  is — 


There  are  neithfer  cheek-pouches  nor  "  callosities ;"  and  the 
face  is  usually  more  or  less  naked,  though  sometimes  whis- 
kered. The  tail  is  long,  and  is  mostly  prehensile  ;  though  in 
rare  instances  it  is  non-prehensi!e,  and  has  its  extremity  clothed 
with  hairs.  The  thumb  of  the  fore-hand  may  be  wanting,  and, 
if  present,  is  not  opposable.  All  the  fingers  are  furnished  with 
flat  nails.  Their  ijiet  is  miscellaneous,  consisting  partly  of  in- 
sects and  partly  of  fruit. 

The  Cebidm  are  exclusively  confined  to  the  warmer  parts  of 
South  America,  in  the  vast  forests  of  which  they  are  met  with 
in  large  troops,  climbing  amongst  the  trees.  The  Spider 
Monkeys  (Ateles),  the  Howling  Monkeys  {Mycetes),  the  Ca- 
puchin Monkey  (Cehus),  and  the  Squirrel  Monkey  {Cal/iihrix\ 
may  serve  as  typical  examples  of  this  section  of  the  Quadru- 
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mana.  In  Aides  the  tail  is  long,  slender,  and  powerfully  pre- 
hensile J  and  the  limbs  are  very  long  and  slender.  The  pollex 
is  absent,  or  is  quite  rudimentary.  In  Mycetes  there  is  a  bony 
drum  which  is  formed  by  a  convexity  of  the  os  hyoides  and 
communicates  with  the  larynx.  The  voice  is  thus  rendered 
extraordinarily  resonant.  The  pollex  is  not  opposable,  but  is 
placed  on  a  line  with  the  other  fingers. 

Cataehina. 
Tlie  third  and  highest  section  of  the  Quadrumana  is  that  of 
the  Calarhina  or  Old  World  Monkeys.  In  this  section  the 
nostrils  are  oblique,  and  are  placed  close  together,  and  the 
septum  narium  is  narrow.  The  thumbs  of  all  the  feet  are 
opposable,  so  that  the  animal  is  strictly  quadruraanous.  In 
Colobus  alone  the  anterior  thumbs  fpoUex)  are  wanting.  The 
dental  formula  is  the  same  as  in  man,  viz. ; — 

The  incisors,  however,  are  projecting  and  prominent,  and 
the  canines — especially  in  the  males— arc  large  and  pointed. 
Moreover,  the  teeth  form  an  uneven  series,  interrupted  by  a 
diastema  or  interval.  The  tail  is  never  prehensile,  and  is 
sometimes  absent  Cheek-poudies*  are  often  present,  and  the 
skin  covering  the  iubera  ischii  is  almost  alwa)^  callous  and 
destitute  of  hair,  constituting  the  so-called  "  natal  callosities." 
With  the  single  exception  of  a  Monkey  which  inhabits  the 
Rock  of  Gibraltar,  all  the  Catarhina  are  natives  of  Africa 
and  Asia. 

There  are  three  well-marked  groups  or  tribes  of  the  Cata- 
rhine  Monkeys.  In  the  first  of  these  the  tail  is  long,  and 
there  are  both  cheek-pouches  and  nataJ  callosities.  In  this 
tribe  is  the  genus  Semnopithecus,  all  the  species  of  which  are 
natives  of  Asia  and  its  islands.  One  of  the  best-known  species 
is  the  Sacred  Monkey  of  the  Hindoos  {Semnopitliems  aitellus). 
•Closely  allied  to  the  Sanno0theci  is  the  genus  Colobus,  in 
which  alone,  of  all  the  Catarhine  Monkeys,  the  pollex  is  either 
altogether  absent  or  totally  rudimentary.  Closely  allied  to 
Semtiopitheais,  also,  is  the  Proboscis  Monkey  or  Y^s!asxy{Pre5bytis 
nasalis),  distinguished  by  its  elongated  proboscidifoiin  nose, 
short  pollex,  and  long  tail.  Here  also  come  the  little  Guenons 
{Cercocebus  and  CercopUhecus,  fig.  234).     Also  referable  to  this 

•  The  cheet-pouches  are  sacs  or  cavities  in  tlie  cliedis,  wliicli  open  into 
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division  is  the  genus  Macacus  or  Inuus  (comprising  the  Ma- 
caques), which  includes  most  of  the  Monkeys  which  are  ordi- 
narily brought  to  this  country.  It  is  a  Macaque  which  occurs 
at  the  Rock  of  GibraJtar,  and  is  the  only  wild  Monkey  which 
is  found  in  Europe  at  the  present  day,  Most  of  the  Macaques 
are  Asiatic,  and  a  good  example  is  the  Wanderoo  {M.  Siknus) 
of  India. 

The  second  tribe  of  the  Catarhine  Monkeys  is  that  of  the 
Baboons  (Cymcephalus  and  Papio).  In  these  forms  the  tail  is 
mostly  short,  and  is  often  quite  rudimentary.  The  bead  is  laige, 
and  tile  muzzle  is  greatly  prolonged,  having  the  nostrils  at  its 
extremity.  The  facial  angle  is  aliout  30",  and  the  whole  head 
has  much  the  aspect  of  that  of  a  large  dog.  The  natal  callo- 
sities are  generally  large  and  conspicuous,  and  usually  of  some 
bright  colour.  The  Ba.boons  are  large  strong  animals,  ex- 
tremely unattractive  in  outward  appearance,  and  of  great 
ferocity.  More  than  any  other  of  the  Monkeys,  they  employ 
the  fore-limbs  in  terrestrial  progression,  running  upon  all-fours 
with  the  greatest  ease.  They  are  mainly  inhabitants  of  Africa, 
and  one  of  them,  the  Mandrill  {Cynouphaltis  Maimoft),  attains 
very  nearly  ihe  height  of  a  man.  The  best-known  species  is 
the  Chacma  {Cyjiocepkalits  porcarius),  ih^  Derrias  (C.  Ifama- 
dryas),  the  Common  Bsboon  (C.  papio),  and  the  Mandj-iU.  The 
Derrias  is  found  in  Arabia  and  Abyssinia,  and  occurs  botli 
embalmed  and  sculptured  upon  ancient  monuments  in  li^ypt 
and  Nubia.  The  Mandrill  is  rendered  probably  without  ex- 
ception the  most  disgustingly  hideous  of  living  beings  by  the 
possession  of  large  blood-red  natal  callosities  and  of  enormous 
cheek-protuberances  striped  with  brilliant  colours  in  alternate 
ribs. 

The  third  family  of  the  Catarhine  Monkeys  is  that  of  the 
Anthropomorphous  or  Anthropoid  Apes,  so  called  from  their 
making  a  nearer  approach  in  anatomical  structure  to  man  than 
is  the  case  with  any  other  Mammal.  The  members  of  this 
fam  ly  are  Apes  1  wh  ch  tl  ere  s  no  tail  and  cheek  pouches 
are  absent  wh  1st  n  son  e  cas  s  there  are  also  no  nital  callos 
It  es.  The  h  nd  1  n  bs  are  short — shorter  than  tl  e  fo  c  1  mbs 
—  and  the  an  n  al  can  progress  n  an  erect  or  sem  -erect 
pos  t  on  At  the  b  me  t  n  e  the  thumbs  of  the  h  nd  feet 
(hallux)  a  e  opposaVle  to  tl  e  otl  cr  d  g  s  so  that  he  h  nd 
feet  are  \  eh  ns  le  hands  The  sp  ne  sho  s  a  s  ngle  curve 
and  articulates  th  the  1  ack  part  of  ti  e  skull  The  can  ne 
teeth  of  the  males  are  long  strong  and  po  nted  but  th  s  is 
not  tl  e  case  w  th  the  fen  ales  The  structure  herefore  oi 
tl  e  canme  teeth  is  to  be  re^ir  led    n  tl  e  1  „!  t  of  a  sexual 
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peculiarity,  and  not  as  having  any  connection  with  the  nature 
of  the  food. 

In  this  tribe  are  the  Gibbons  {Mylobales),  the  Orang-outang 
(Simia  saiyrus),  the  Chimpanzee,  and  the  Gorilla. 

The  Gibbons  form  the  genus  Hyl^aies,  and  they  belong  to 
southern  Asia  and  the  Indian  Archipelago,  The  anterior  limbs 
are  extremely  long,  and  the  hands  nearly  or  quite  reach  the 
ground  when  the  animal  stands  in  an  erect  posture.  There  is 
no  tail,  but  there  are  natal  callosities.  The  body  is  covered 
with  a  thick  fur.  One  of  the  best  known  of  the  Gibbons  is 
the  Sianung  {Hylobates  syndtutylus),  which  has  been  sometimes 
regarded  as  making  a  nearer  approach  to  man  than  any  other 
of  the  Monkeys.  It  is  a  native  of  Sumatra.  It  is  the  largest 
of  the  Gibbons,  and  derives  its  specific  name  from  the  fact 
that  the  index  and  middle  toes  of  the  hind-foot  are  united  to 
one  another  by  skin  as  far  as  the  nail  joint.  Another  weD- 
known  species  is  the  common  Gibbon  {H.  lar). 

In  the  Orang  or  "  Mias  "  {Simia  saiyrus)  there  are  neither 
cheek-pouches  nor  natal  callosities,  and  the  hips  are  covered 
with  hair.  As  in  the  Gibbons,  the  arras  are  excessively  long, 
reaching  considerably  below  the  knee  when  the  animal  stands 
in  an  erect  posture.  The  hind-legs  are  very  short,  and  there 
is  no  tail.  When  fill!  grown  the  Orang  stands  about  four  feet 
high.  It  never  progresses  with  the  help  of  a  stick,  or  walks 
erect  at  all,  except  along  the  branches  of  trees,  supporting  itself 
by  a  higher  branch,  or  when  attacked.     When  young,  the  head 


of  the  Orang  is  not  very  different  from  that  of  an  average 
European  child ;  but,  as  the  animal  grows,  the  facial  bones 
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become  gradually  produced,  whilst  the  cranium  remains  in  a 
tolerably  stationary  condition  ;  great  bony  ridges  are  developed 
for  the  attachment  of  the  muscles  of  the  jaws  and  face;  the 
incisors  project ;  and  ultimately  the  muzzle  becomes  as  pro- 
nounced and  well-marked  a  feature  as  in  the  typical  Camhora 
(fig.   235,  A).     The  Orangs  are  inhabitants  of  Sumatra  and 

The  genus  Troglodytes  contains  the  Chimpanzee  {T.  niger) 
and  the  Gorilla  {T.  Gorilla).  The  Chimpanzee  is  a  native  of 
Western  Africa,  and  has  the  arms  much  shorter,  proportionately, 
than  in  the  Gibbons  and  Orangs ;  still  they  are  much  longer 
thMi  the  hind-limbs,  and  they  reach  beneath  the  knee  when 
the  animal  stands  erect.  The  ears  in  the  Chimpanzee  are 
large,  and  the  body  is  covered  with  dark-brown  hair.  The 
animal  can  stand  erect,  but  the  natural  mode  of  progression  is 
on  all-fours.  The  hands  are  naked  to  the  wrist,  and  the  face 
is  also  naked,  and  is  much  wrinkled.  The  Chimpanzee  lives  in 
society  in  wooded  districts,  constructs  huts,  and  can  defend 
itseSf  against  even  the  Elephant. 

The  Gorilla  is  in  most  respects  the  same  as  the  Chimpan- 
zee, but  is  much  larger,  attaining  a  height  of  fully  five  feet 
The  hind-limbs  are  short,  and  the  ears  small.  It  is  an  enor- 
mously strong  and  ferocious  animal,  and  is  found  in  Lower 
Guinea  and  in  the  interior  of  equatorial  Africa.  It  possesses 
a  laryngeal  sac,  has  a  most  appalling  voice,  and  is  polygamous. 
The  Gorilla  is  now  generally  regarded  as  the  most  human  of 
the  Anthropoid  Apes. 


CHAPTER  LXXXIV. 

BIMANA. 

Order  XIV.  Bimana.— This,  the  last  remaining  order  of  the 
Mammalia,  comprises  Man  {Homo)  alone,  and  it  will  therefore 
require  but  little  notice  here,  the  peculiarities  of  Man's  mental 
and  physical  structure  properly  belonging  to  other  branches  of 
science. 

Zoologically,  Man  is  distinguished  from  all  other  Mammals 
by  his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to  progression  and  to  sup- 
porting the  weight  of  the  body.  The  anterior  limbs  are  shorter 
than  the  posterior,  and  have  nothing  whatever  to  do  with  pro- 
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gression.  The  thumb  is  opposable,  and  the  hands  are  pre- 
liensile,  the  fingers  being  provided  with  nails.  The  toes  of  the 
hind-limb  are  also  furnished  with  nails,  but  the  hallux  is  not 
opposable  to  the  other  digits,  and  the  feet  are  therefore  useless 
as  organs  of  prehension.  The  foot  is  broad  and  plantigrade, 
and  the  whole  sole  is  applied  to  the  ground  in  walking. 

The  dentition  consists  of  thirty-two  teeth,  and  these  form  a 
nearly  even  and  uninterrupted  series,  without  any  inter\'al  or 
diastema.     The  dental  formula  is — 


*2_^.  'i-i.^-^-a'    -"3-3-^" 

The  brain  is  more  largely  developed  and  more  abundantly 

furnished  with  large  and  deep  convolutions  than  is  the  case 

with  any  other  Mammal.     The  mammse  are  pectoral,  and  the 

placenta  is  disco idal  and  deciduate. 

Man  is  the  only  terrestrial  Mammal  in  which  the  body  is 
not  provided  with  a  covering  of  hair. 

The  zoological  or  anatomical  distinctions  between  Man  and 
the  other  Mammals  are  thus  seen  to  be  of  no  very  striking 
nature,  and  certainly  ef  Ihemsehts  would  not  entitle  us  to 
consider  Man  as  forming  more  than  a  distinct  order.  When, 
however,  we  take  into  account  the  vast  and  inimitable  psychical 
differences,  both  intellectual  and  moral  ^differences  which 
viusi  entail  corresponding  structural  distinctions  —  between 
Man  and  the  highest  Qiiadrumana,  it  becomes  a  question 
whether  the  group  Bimana  should  not  have  the  value  of  a 
distinct  sub-kingdom ;  whilst  there  can  be  little  hesitation  in 
giving  Man,  at  any  rate,  a  class  to  himself.  At  any  rate,  man's 
psychical  peculiarities  are  as  much  an  integral  portion,  or 
more,  of  his  totality,  as  are  his  physical  characters,  and,  as 
Dr  Pritchard  says, —  "The  sentiments,  feeUngs,  sympathies, 
internal  consciousness,  and  mind,  and  the  habitudes  of  mind 
and  action  thence  resulting,  are  the  real  and  essential  character- 
istics of  humanity," 


CHAPTER  LXXXV. 

DISTRIBUTION  OF  MAMMALIA  IN  TIME. 

As  a  matter  of  course,  the  remains  of  Mammals  are  scanty, 
and  occupy  but  a  smail  space  in  the  geological  record,  since 
the  greater  number  of  tlie  Mammalia  are  terrestrial,  and  the 
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greater  number  of  the  stratified  fossiliferous  deposits  are  marine. 
The  Mammals,  too,  are  the  most  highly  organised  of  the  entire 
sub-kingdom  of  the  Vertebrata;  and  therefore,  in  obedience  to 
the  well-known  law  of  succession,  they  ought  to  make  theit 
appearance  upon  the  globe  at  a  later  period  than  any  of  the 
lower  classes  of  the  VerUbrata.  Such,  in  point  of  fact,  is  to  a 
great  extent  the  case;  and  if  the  geological  record  were  perfect, 
the  law  would  doubtless  be  carried  out  to  its  full  extent. 

It  is  in  the  upper  portion  of  the  Triassic  Rocks — that  is  to 
say,  not  long  after  the  commencement  of  the  Mesozoic  or 
Secondary  epoch— that  Mammals  for  the  first  time  make  their 
appearance;  four  species  being  now  known  in  a  zone  of  rocks 
which  are  placed  at  the  summit  of  the  Trias,  just  where  this 
formation  begins  to  pass  into  the  Lias.  The  earliest  of  these 
— the  oldest  known  of  all  the  Mammals — appears  at  the  upper 
part  of  the  Upper  Trias  (Keuper)  and  also  at  its  \ery  summit 
(Penarth  beds),  and  has  been  described  under  the  nime  of 
Microkstes  antiquus.  The  nearest  ally  of  MuroiesUs  amongst 
existing  Mammals  would  seem  to  be  the  Marsupial  and  msec 
tivorous  Myrmecobius,  or  Banded  Ant  eater  of  Austrihi  \s 
only  the  teeth,  however,  oi  Microlestes  have  hitherto  betn  dis 
covered,  it  is  impossiijle  to  decide  positntly  whether  this 
primeval  Mammal  was  Marsupial  or  PlacentaL 

The  next  traces  of  Mammals  occur  m  the  fetonesfield  Slate 
(Lower  Oolites),  and  here  four  species  all  of  small  s  ze  are 
known  to  occur.  Most  of  these  were  Marsupial  but  it  is 
possible  that  one  was  placental.  They  form  the  genera  4mphi 
lestes,  Avipkitherium,  Phaswlotha-ium,  and  StereognatAus  After 
the  Stonesfield  Slate  another  interval  succeeds  m  which  no 
Mammalian  remains  have  hitherto  been  found,  but  in  the  fresh- 
water formation  of  the  Middle  Purbeck — at  the  top,  namely,  of 
the  Oolitic  series — as  many  as  fourteen  small  Mammals  have 
been  discovered.  These  constitute  the  genera  Flagiaulax, 
Triconodon,  and  Galestes.  Another  gap  then  follows,  no  Mam- 
mal having  hitherto  been  discovered  in  any  portion  of  the 
Cretaceous  series  (with  doubtful  exceptions). 

Leaving  the  Mesozoic  and  entering  upon  the  Kainozoic 
period,  remains  of  Mammals  are  never  absent  from  any  of  the 
geological  formations.  From  the  base  of  the  Eocene  Rocks 
up  to  the  present  day  remains  of  Mammals  invariably  occur, 
constantly  increasing  in  number  and  importance,  till  we  arrive 
at  the  fauna  now  in  existence  upon  the  globe. 

The  number  of  known  fossil  Mammals  is  so  great,  and  they 
exhibit  so  many  peculiarities  and  divergences  from  existing 
forms,  that  it  will  be  impossible  here  to  do  more  than  sunply 
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point  out  the  leading  facts  known  as  to  the  distribution  of  each 
order  of  Mammals  in  past  time. 

Order  I.  Monotremata.- — The  Monotremes  are  not  known  to 
be  represented  at  all  in  past  time ;  and  this  need  not  excite 
any  surprise,  seeing  that  the  order  is  represented  at  the  present 
day  by  no  more  than  two  genera,  both  confined  to  a  single 
geographical  region.  Upon  theoretical  grounds,  however,  it 
may  be  expected  that  we  shall  ultimately  discover  that  the 
antiquity  of  the  order  Monotremata  is  extremely  high. 

Order  11.  MarsupiaHa. — This  is  probably  the  oldest  of  the 
Mammalian  orders ;  but  owing  to  the  detached  and  fragmen- 
tary condition  of  almost  all  Mammalian  remains — consisting 
mostly  of  the  ramus  of  the  lower  jaw,  or  of  separate  teeth — it 
is  not  possible  to  state  this  with  absolute  certainty.  The 
Microlesies  of  the  Trias,  the  oldest,  or  nearly  the  oldest,  of  the 
Mammals,  was  probably  a  Marsupial ;  but  the  evidence  upon 
this  point  is  not  conclusive.  In  the  Triassic  rocks  of  America, 
also,  perhaps  at  a  lower  horizon  than  that  at  which  Microlesta 
occurs  in  Europe,  has  been  found  the  jaw  of  a  small  Mammal, 
which  is  probably  Marsupial,  and  has  been  named  Droma- 
thirium  (fig;  2315). 


In  the  next  mammaliferous  horizon,  however — namely,  that 
of  the  Stonesfield  Slate  in  the  Lower  Oolites— there  is  no  doubt 
but  that  some  of  the  Mammalian  remains,  if  not  all,  belong  to 
small  Marsupials  (fig.  237).  From  this  horizon  the  two  genera 
Phascolotherium  and  Amphitherium,  are  almost  certainly  refer- 
able to  the  MarsupiaHa;  the  latter  seeming  to  be  most  nearly 
related  to  the  living  Myrmecobius,  whilst  the  former  finds  its 
nearest  Jiving  ally  in  the  Opossums  of  America.  The  Stereog- 
nathus  of  the  Stonesfield  Slate  is  in  a  doubtful  position.  It 
may  have  been  Marsupial ;  but,  upon  the  whole,  Professor  Owen 
is  inclined  to  believe  that  it  was  placental,  hoofed,  and  her- 
bivorous. 

With  the  occurrence  of  small  Marsupials  in  England  within 
the  Oolitic  period,  it  is  interesting  to  notice  how  the  fauna  ot 
that  time  approached  in  other  respects  to  that  now  inhabiting 
Australia.     At  the  present   day,  Australia    is   almost  wholly 
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tenanted  by  Marsupials ;  upon  its  land-surface  flourish  Araa- 
caria  and  Cycadaceous  plants,  and  in  its  seas  swims  the  Port 
Jackson  Shark  {Cestracion  Phtlippi) ;  whilst  the.MoUuscan 
genus  Trigonia  is  nowadays  exclusively  confined  to  the  Aus- 
tralian coasts.    In  England,  at  the  time  of  the  deposition  of  the 


Stonesfield  Slate,  we  must  have  had  a  fauna  and  flora  very 
closely  resembling  what  we  now  see  in  Australia.  The  small 
Marsupials,  Amphitherium  and  Phascolothermm,  prove  that  the 
Mammals  were  the  same  in  order ;  cones  of  Araucarian  pines, 
with  tree-ferns  and  fronds  of  Cycads,  occur  throughout  the 
Oolitic  series  ;  spine-bearing  fishes,  like  the  Port  Jackson 
Shark,  are  abundantly  represented  by  genera  such  as  Aa-odus 
and  Strophodus;  and,  lastly,  the  genus  IVigonia,  now  exclu- 
sively Australian,  is  represented  in  the  Stonesfield  Slate  by 
species  which  differ  little  from  those  now  existing. 

In  the  middle  Purbeck  beds  (Upper  Oolite),  where  fourteen 
species  of  Mammals  are  known  to  exist,  it  is  probable  that  al! 
were  Marsupial.  All  the  Purbeck  Mammalia  were  of  small 
size,  the  largest  being  no  bigger  than  a  pole-cat  or  hedgehog. 
They  form  the  genera  Plagiaulax,  Tricomdon,  and  Galestes,  of 
which  Plagiaulax  is  believed  to  be  most  nearly  allied  to  the 
living  Kangaroo-rat  {Hypsiprymnus)  of  Australia. 

In  the  Tertiary  series  of  rocks  Marsupials  are  of  rare  occur- 
rence ;  but  an  Opossum,  closely  allied  to  the  existing  American 
forms,  has  been  discovered  in  the  Eocene  rocks  of  France 
(GjT>seous  series  of  Montmartre),  and  has  been  named  the 
Dideiphys  gypsorwn. 

The  next  occurrence  of  Marsupials  is  in  the  later  Tertiary 
(Pliocene)  and  in  the  Post-tertiary  epoch  ;  and  here  they  are 
represented  by  some  very  remarkable  forms.  The  remains  in 
question  have  been  found  in  the  bone-caves  of  Australia — the 
counhy  in  which  Marsupials  now  abound  above  every  other 
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part  of  the  globe ;  and  they  show  that  Australia,  at  no  distant 
geological  period,  possessed  a  Marsupial  fauna,  much  re- 
sembling that  which  it  has  at  present,  but  comparatively  of  a 
much  more  gigantic  size.  In  the  remains  from  the  Australian 
bone-caves  almost  all  the  most  characteristic  living  Marsupials 
of  Australia  and  Van  Diemen's  Land  are  represented  ;  but  the 
extinct  forms  are  usually  of  much  greater  size.  We  have 
WomlDats,  Phalangers,  Flying  Phalangers,  and  Kangaroos,  witli 
carnivorous*  Marsupials  resembling  the  recent  Thylacinus  and 
Dasyurus.  The  two  most  remarkable  of  these  extinct  forms 
are  Diprolodm  and  Thylacoko.  In  most  essential  respects 
Diprotodon  resembled  the  Kangaroos,  the  dentition,  especially, 
showing  many  points  of  affinity.  The  hind-limbs,  however,  of 
Diprotodon  were  by  no  means 
so  disproportionately  long  as  in 
the  Kangaroos.  In  size  Dipro- 
todon must  have  many  times 
exceeded  the  largest  of  the  liv- 
ing Kangaroos,  since  the  skull  ' 
measures  three  feet  in  length 
(fig.  238).  T/iylacoleovi3S  acar- 
nivorous  and  predacious  Mar- 
supial, equally  gigantic  when  Fig.  =33.-ski.iiofiJ,>>™/«fo«.^™/™/«, 
compared    with    living    forms. 

Thylacoko,  in  fact,  must  have  been,  on  a  moderate  estimate, 
at  least  as  large  as  a  Lion  ;  the  largest  living  carnivorous 
Marsupial  being  no  laiger  than  a  shepherd's  dog.  The  flesh- 
tooth  or  carnassial  molar  of  Tkylamleo  measures  two  inches 
and  a  quarter  across,  or  very  nearly  double  the  measurement 
of  the  same  tooth  in  the  largest  existing  Lion. 

Order  III.  Edmtata. — The  Edentates,  like  the  Marsupials, 
are  singularly  circumscribed  at  the  present  day.  No  member 
of  the  order  is  at  the  present  day  indigenous  in  Europe, 
Tropical  Asia  and  Africa  have  the  Scaly  Ant-eaters  or  Pangolins : 
and  in  Africa  occurs  the  Edentate  genus  Oryderopus.  South 
America,  however,  is  the  metropolis  of  the  Edmtata,  the  order 
being  there  represented  by  the  Sloths,  the  Armadillos,  and  the 
true  Ant-eaters.  It  is  also  in  South  America  that  by  far  the 
greater  number  of  extinct  Edentates  have  been  found  ;  and,  as 
in  the  case  of  the  Australian  Marsupials,  the  fossil  forms  are 
gigantic  in  size  compared  with  their  living  representatives. 

The  Sloths  (Bradypodidm)  of  the  present  day  were  repre- 
sented i,i  Post-tertiary  times  by  a  group  of  gigantic  forms 
referable  to  the  genera  Mylodon,  Megalonyx,  and  JifegatAeriutn. 
Of  these,  Mylodon  attained  a  length  of  eleven  feet,  and  Mega- 
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therium  (fig.  239)  was  eighteen  feet  in  length,  with  bones  as 
massive,  or  more  so,  than  the  Elephant 


In  the  same  way  the  little  banded  Armadillos  of  South 
America  were  formerly  represented  by  gigantic  species,  con- 
stituting the  genus  Glypiodon.  The  Glyptodons  (fig.  240)  differed 
from  the  living  Armadillos  in  having  no  bands  in  their  armour, 
so  that  they  must  have  been  unable  to  roll  themselves  up.  It 
is  rare  at  the  present  day  to  meet  with  any  Armadillo  over 
two  or  three  feet  in  length  ■  but  the  length  of  the  Glyptodtm 
clavipes,  from  the  tip  of  the  %\  out  to  the  end  of  the  laii,  was 
more  than  n 


Fiff.  ^vi.—Gh'Ni' 


All  these  gigantic  South  American  Edentates  occur  in  Post- 
tertiary  deposits.  Older,  however,  than  any  of  these  is  the 
Mao'otfurium.  This  is  a  gigantic  Edentate,  intermediate  in 
some  respects  between  the  Pangolins  and  Oryderopus,  and 
found  in  certain  lacustrine  deposits  of  France,  of  Miocene  age. 

Onler  IV.  Sirenia. — ^This  order  contains  only  the  living 
Manatees  and  Dugongs,  and  is  of  little  geological  importance. 
The  Halithermm,  however,  of  the  Eocene,  Miocene,  and  Pliu- 
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cene  rocks,  is  a  laige  form,  intermediate  between  the  African 
Manatee  and  the  Dngong. 

Order  V.  Ceiacea. — The  Cetacea,  also,  are  of  littie  geological 
importance.  Kemains  of  Dolphins  {Ziphiui)  and  of  Whales 
(Balanodon)  are  found  in  Miocene  deposits ;  and  numerous 
ear-bones  of  Whales  occur  in  the  Red  Crag  of  Suffolk  (Plio- 
cene). The  most  remarkable,  however,  of  the  extinct  Cetacea, 
is  the  Zeuglodon  of  the  American  and  Maltese  Miocene  de- 
posits. This  was  an  enormous  toothed  Whale,  about  seventy 
feet  in  lengtii ;  but,  unlike  any  of  existing  Cetaceans,  it  had 
the  posterior  teeth  implanted  by  two  distinct  iangs  or  roots. 
Ey  Owen,  Zeuglodon  is  regarded  as  the  type  of  a  distinct  family, 
intermediate  between  the  Cdacea  and  tiie  Sirenia.  In  Sauro- 
cetes,  a  large  Cetacean  from  the  Tertiary  beds  of  Buenos  Ayres, 
there  were  double-fanged  teeth  with  conoid  crowns.  It  was 
much  smaller  than  Zeuglodon. 

Order  VI.  Ungulata. — The  hoofed  Mammals  are  repre- 
sented in  past  time  by  so  many  eKtlnct  forms  that  it  will  be 
wholly  impossible  here  to  do  more  than  merely  allude  to  some 
of  the  more  important  genera. 

The  earliest-known  Ungulates  occur  in  the  Eocene  rocks, 
where  the  order  is  represented  by  very  numerous  and  interest- 
ing forms,  the  more  important  of  which  are  PHolophus,  Paiao- 
tlterium,  and  Anoplotlurium. 

Of  the  section  of  the  Ungulates  comprising  the  living  Horse, 
Zebra,  and  Ass  {Solidungula),  the  earliest  fossil  example  is  the 
Andiitherium  of  the  Lower  Miocene,  and  this  was  succeeded 
by  the  Hipparion  of  the  Miocene  rocks.  This  genus  differed 
from  the  existing  Equidm  in  the  presence  of  two  small  toes 
with  hoofs,  one  on  each  side  of  the  single  functional  toe, 
which  alone  remains  in  living  horses.  In  the  Pliocene  period 
appear,  for  the  first  time,  remains  of  horses  which,  like  the 
present  form,  possessed  only  a  single  toe  encased  in  a  single 
hoof.  It  is  iiitcresting  to  observe  that  one  of  the  Pliocene 
horses  {Eqwis  mrvidens)  occurs  in  South  America ;  though 
this  continent  certainly  possessed  no  native  horse  at  the  time 
of  its  discovery  by  the  Spaniards.  About  twenty  horses — one 
of  them  standing  no  more  than  two  and  a  half  feet  in  height — 
have  been  described  from  North  America,  in  which  continent 
no  indigenous  horse  existed  at  the  time  of  its  discovery. 

Of  the  JihmoceridiB,a.  hornless  species  {Acerothmttm)  occurs  in 
Miocene  and  Pliocene  strata  ;  but  the  best-known  fossil  species 
is  tlie  two-horned  woolly  Rhinoceros  {R.  tiehorhimts).  This 
curious  species  occurs  in  Post-pliocene  deposits,  and  must  have 
ranged  over  the  greater  part  of  Europe.     It  was  adapted  to  a 
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temperate  climate,  and,  like  the  Mammoth,  possessed  a  thick 
covering  of  mixed  wool  and  hair,  Tliis  has  been  demonstrated 
by  the  discovery  of  a  frozen  carcass  in  Siberia. 

Of  the  H!ppopotamid<e,  the  earliest-known  species  is  the 
Hippopotamus  major  of  the  Pliocene  period.  ,  This  form  agreed 
in  all  essential  respects  with  the  living  H.  amphibius  of  Africa, 
but  it  must  have  ranged  over  the  whole  of  Southern  Europe. 
Hexaptotodon,  of  the  Tertiary  deposits  of  the  Sivalik  Hills  of 
India,  IS  clostly  allied  to  Hippopotamus,  but  had  six  iower 


Of  the  Suida,  or  Pig  tribe,  various  extinct  forms  are  known 
from  the  Eocene  and.  Miocene  rocks,  where  the  family  is 
represented  by  the  genera  Charopotamus,  Anthracotlierium, 
Hyopotamus,  and  Hippohyus. 

As  regards  the  past  existence  of  the  Ruminants,  the  Cervida, 
or  Stag  tube,  is  represented,  for  the  first  time  in  the  Miocene 
period,  by  the  genus  Dorcatheriiim.  The  best-known  species, 
however,  of  this  family  is  the  Megaceros  Hibemicus,  or  so-called 
Irish  Elk  {fig.  241),  which  is  not  a  true  Elk,  but  is  intermediate 


between  the  Fallow-deer  and  Reindeer,  A  fossil  Camel  {C. 
Sivaiensis)  has  been  discovered  in  the  Tertiary  deposits  of  the 
Sivalik  HiUs  of  India.  Of  the  Giraffe  family — represented  at 
the  present  day  by  a  single  African  species — a  form  has  been 
discovered  in  the  Pliocene  rocks  of  Greece,  and  has  been 
described  under  the   name   of  Hdladotkerium.      Somewhat 
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Similar  forms  have  been  found  in  the  Pliocene  deposits  of  the 
Sivalik  Hills  of  India. 

The  earhest-kiiown  Antelopes  are  Miocene,  but  the  largest 
and  most  extraordinary  fossil  examples  of  this  family  are  two 
gigantic  four-horned.  Antelopes,  which  occur  in  the  Pliocene 
strata  of  the  Sivalik  Hills  of  India,  and  have  been  described 
under  the  names  of  Sivatherium  and  Bramatherium. 

The  Bovidm,  or  Ox  tribe,  has  hitherto  only  occurred  in  rocks 
not  older  than  the  Pliocene  or  Post-pliocene.  At  this  latter 
period  Englanii  alone  possessed  four  oxen — viz.,  the  Lithua- 
nian Auroclis  {Bos  bison  or  Bos  priscus),  the  Wild  Bull  or 
Unis  {Bos  frimigenius),  the  Bos  aittiquus,  and  a  small  aboriginal 
species,  the  Bos  iofigifrons,  believed  by  Owen  to  be  "the  source 
of  the  domesticated  cattle  of  the  Celtic  races  before  the  Roman 
invasion," 

Oriier  VII.  ffyfuiiiea — This  little  order  represented  at 
the  present  day  by  no  more  than  the  single  genus  Hyrax,  is 
not  known  to  have  any  fossil  representatives 

Order  VIII.  Proboscidta — This  order  including,  no  other 
living  forms  than  the  Elephants  cime  into  existence  in  the 
Miocene  period,  where  it  is  represented  by  all  its  three  sec- 
tions, Deimtkerium,  Maitodon  ind  Fl phas 


The  Deinothermm  (fig  --"')  was  a  gigantic  Miocene  Mam- 
mal, probably  somethmghke  tht.  living  Elefhants  but  having 
no  incisors  in  the  upper  jaw  In  phce  of  these  tliL  lower  jaw 
was  furnished  with  tno  long  tusk  ht.e  mcisors  which  were 
bent  downwards. 

In  most  essential  respects  the  Mastodons  (fig.  242)  resemble 
the  Elephants,  but  the  molar  teeth  were  furnished  with  nipple- 
shaped  eminences.  Usually  there  are  two  tusk-shaped  upper 
incisors,  but  sometimes  lower  incisors  are  present  as  well 
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Four  Mastodons  occur  in  the  Miocene  of  Europe,  and  three 
in  that  of  India. 

No  Elephant  has  yet  been  discovered  in  the  Miocene  roi):s 
of  Europe,  but  six  species  ire  known  from  Miocene  strita  in 
India.  In  the  PUocene  per  od  Europe  possessed  its  Llephints 
(viz.,  E.  priscus  and  E  meridionalis)  but  the  beat  known  of 
the  extinct  Elephants  is  well  as  the  most  modern  is  the 
Mammoth  (-£■- /'-m/gi  lus  fi^    '43)      The  Mil imoth  enjoyed 


a  very  extended  geographical  distribution,  remains  of  it  occur- 
ring in  Britain,  continental  Europe,  Siberia,  and  throughout  a 
large  portion  of  North  America.  There  can  also  be  no  ques- 
tion but  that  the  Mammoth  existed  in  the  earlier  portion  of 
the  human  period. 

Order  IX.  Carnivora. — If  the  little  Microlestes  of  the  Upper 
Trias  be  Marsupial,  as  is  most  probably  the  case,  then  the 
order  Carnivora  is  comparatively  modem,  the  earliest  un- 
doubted remains  having  been  found  in  the  Eocene  rocks. 
The  tribe  of  the  FelidcE  is  represented  in  the  Miocene  period 
by  the  large  Machairodus,  with  sabre-shaped  upper  cani 
Species  of  this  genus  must  have  been  as  large  as  a  Lion. 
the  later  Pliocene  and  Post-pliocene  deposits  occur  the  rem; 
of  a  large  I^ion— the  Cave-lion  or  Fdis  spelaa — along  with 
which,  in  Britain  and  continental  Europe,  are  the  bones  of  a 
large  Hyjena  (ff!  spelim)  and  a  gigantic  Bear  {Ursits  spel<eus). 
Remains  of  Wolves,  Foxes,  Badgers,  Otters,  Pole-cats,  Weasels, 
and  other  Carnivora  are  also  found  in  various  later  Tertiary 
deposits,  and  in  bone-caves. 

Order  X.  Rodentia. — No  Rodent  animal  is  as  yet  known  to 
have  occurred  earlier  than  the  Eocene  period.  Here  are  found 
forms  allied  to  the  living  Dormouse  and  Squirrel.     In    the 
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Miocene  rocks  occur  numerous  small  Rodents.  In  the  Plio- 
cene and  Post-pliocene  deposits  the  order  is  also  well  repre- 
sented, the  most  remarkable  form  being  the  Great  Beaver 
{Trogontherimii),  which  appears  to  have  survived  into  the  his- 
torical period. 

Order  XI.  CMroptera.—The  earliest-known  indications  of 
Bats  are  in  the  Eocene  period,  but  the  order  is  of  no  geological 
importance. 

Order  XII.  Insedivora. — The  Insectivorous  Mammals,  like- 
wise, commenced  their  existence,  so  far  as  is  known,  in  the 
Eocene  period ;  and  they,  also,  are  of  no  importance  from  a 
geological  point  of  view. 

Order  XIII.  Quadrumana. — The  earliest-known  remains  of 
Quadrumana  occur  in  the  Miocene  period.  Several  genera 
are  known,  but  the  most  important  are  Pliopithecus  and  Drye- 
pithecus,  both  of  which  are  European,  and  both  of  which  belong 
to  the  section  of  the  Catarhine  Monkeys  which  are  at  present 
characteristic  of  the  Old  World.  They  appear  to  be  most 
nearly  allied  to  the  recent  Gibbons.  It  is  interesting  to  notice 
that  the  American  fossil  Monkeys— from  the  later  Tertiary 
deposits  of  South  America— belong  to  the  division  of  the  Quad- 
rumana now  peculiar  to  that  continent — to  the  section, 
namely,  of  the  Piatyrhine  Monkeys. 

Geographical  Succession  of  Organic  Forms. 

A  few  words  may  be  said  here  on  a  law  which  may  be  called 
the  "  law  of  the  geographical  succession  of  oi^anic  forms,"  and 
which  is  illustrated  more  completely  by  the  Mammalia  than  by 
any  other  extinct  animals.  An  examination,  namely,  of  the 
facts  of  the  geological  distribution  of  Mammals  leads  to  the 
striking  generalisation  that  "  the  present  distribution  of  organic 
forms  dates  back  to  a  period  anterior  to  the  origin  of  existing 
species"  (Lyeli).  In  other  words,  though  the  extinct  Mam- 
mals of  the  later  geological  deposits  of  any  given  country  differ 
specifically  from  those  now  existing  in  the  same  country,  they 
are  nevertheless  referable  to  the  same  orders,  and  are  in  every 
respect  more  closely  allied  to  the  present  Mammalian  iauna 
than  to  that  of  any  otlier  country.  A  few  examples  will  reader 
this  perfectly  clear. 

Australia  at  the  present  day  is  an  altogether  peculiar  zoolo- 
gical province,  characterised  by  the  abundance  and  variety  of 
Marsupials  which  inhabit  it.  In  the  Post-tertiary  deposits  of 
Australia,  however,  we  are  presented  with  proofs  that  Marsu- 
pials were  just  as  characteristic  of  Australia  during  late  geolo- 
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gical  epochs  as  they  are  now.  In  the  Post-pliocene  period  we 
know  that  Australia  was  occupied  by  Kangaroos,  Kangaroo- 
rats,  Wombats,  Phalangers,  and  Carnivorous  Marsupials,  in 
every  way  representing  the  living  Marsupials  in  zoological 
value,  but  specifically  distinct,  and  generally  of  gigantic  size. 

In  the  same  way,  South  America  at  the  present  day  is  espe- 
cially characterised  by  k  Mammalian  fauna,  containing  many 
peculiar  forms,  the  Edentata  being  especially  conspicuous,  and 
having  a  larger  representation  them  in  any  other  region.  Simi- 
lar but  distinct  forms,  however,  are  found  to  have  existed  in 
South  America  anterior  to  the  creation  of  any  existing  species. 
Thus,  the  modem  Sloths  of  South  America  are  represented  by 
the  colossal  Mylodon,  Megalonyx,  Scdidotheriuni,  and  Megathe- 
rium. The  little  armour-plated  Armadillos  are  represented  by 
the  equally  colossal  Glyptodon.  The  Llamas — representing  in 
South  America  the  Camels  of  the  Old  World — are  represented 
by  the  curious  extinct  genus  Macratichaiia.  The  Platyrhine 
Monkeys  have  their  extinct  representatives.  Fossil  Tapirs 
take  the  place  of  the  two  existing  species ;  and  the  Peccaries 
are  represented  by  at  least  five  extinct  species  of  Dicotyks. 

Similarly,  India  is  at  present  the  only  country  in  which  foiu"- 
horned  Antelopes  occur;  and  it  is  in  the  Sivalik  Hills  that 
tliere  have  been  found  the  two  gigantic  four-homed  Antelopes 
which  constitute  the  genera  Sinaiherium  and  Bramatherium. 

In  Europe,  again,  the  Mammalian  fauna  of  the  later  Tertiary 
periods  is  much  more  closely  allied  to  that  now  characterising 
the  Old  World,  than  to  that  of  the  New.  We  have  the  Lion, 
Bear,  Wolf,  Fox,  and  other  well-known  Carnii<ora.  Elephants, 
Rhinoceroses,  and  Hippopotami,  then  as  now,  are  characteristic 
Old  World  forms.  The  Ruminants  are  equally  characteristic 
of  the  eastern  hemisphere,  though  not  exclusively  confined  to 
it,  and  they  have  numerous  and  varied  representatives  in  later 
Tertiary  deposits.  The  Giraffe  is  represented  by  the  Hellado- 
therium,  and  the  Bactrian  Camel  by  the  Meiycotheriiim  of  the 
Siberian  Drift  The  fossil  Qiiadrumana,  too,  of  Europe,  all 
belong  to  the  Catarhine  section  of  the  order. 

It  is  unnecessary  to  pursue  the  subject  further,  but  no  law 
is  more  firmly  established  than  this:  "That  with  extinct  as 
with  existing  Mammalia,  particular  forms  were  assigned  to 
particular  provinces ;  and  that  the  same  forms  were  restricted 
to  the  same  provinces  at  a  former  geological  period  as  they 
are  at  the  present  day"  (Owen).  It  is  to  be  borne  in  mind, 
however,  that  the  law,  as  just  stated,  holds  good  for  the  later 
Tertiary  period  only,  and  does  not  apply,  in  any  manner  that 
admits  of  being  traced,  to  the  earlier  geological  epochs. 
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'y  (Lat  aido,  I  conceal).     The  posterior  cavity  of  tLo  body,  eontafn- 

ing  tbe  iutestinea  and  others  of  tba  viscera,.  Iq  many  Inrertebratcs  thoro 
is  no  separatioD  of  t^a  bodj'cavity  into  thorax  and  nbdomon,  and  it  is  oulj 
in  the  higher  Annalaaa  that  a  distinct  abdomen  can  be  said  to  eiist 

AsERBAKT  (I«t.  aberro,  I  wander  away).     Departing  from  tbe  regular  typo. 

Abnokmai,  (Lat.  aS,  bom;  ncatna,  a  rule).  Irregular;  deviating  from  the 
ordioary  standard. 

Abomasum.    The  fourth  cavity  of  the  coroplei  stomach  of  the  Ruminants. 

ABitANCHiATE  (Or.  a,  withuut ;  tn-t^ffchiOf  gillsj.     Desiitute  of  gills  or  bran- 

ACALEPKf  (6r.  aialep!ie,  a  nettle).     Applied  formerly  tn  the  Jelly'Sshes  or 

Hea-nettles,  and  other  Radiate  animals,  in  oonseqitenoe  of  their  powar  of 

stinging,  derived  from  the  presanca  of  microBoopic  culls,  called  "thread- 
cells,"  in  the  integijiiietit. 
AcANTHOCEPHATiA  (Gr.  aiv/Rthaj  a  thorn ;  hejthaU,  head).     A  cl^ss  of  parasitic 

worm  a  in  which  the  head  Is  armed  with  epines. 
AOiSTHOUETHraAjQr.  a4oB(i^a;  and  metra,  the  womb).     A  family  of  Pioloam, 

characterised  by  having  radiating  siliceous  spines. 
ACANTHOPTEBTOII  (Gr.  akanljta,  spine  ;  pterjtx,  wing).      A  group  of  boiky 

iishes  with  spinous  rays  in  the  front  part  of  the  dors:J  fin. 
AOAHIHA  (Gr.  atari,  a  tnite).      A  division  of  the  Aracknula,  of  which  the 

Cheese'iiilts  ia  the  type. 
AOBPHALOUajGr.  a,  without;  fcpiafc,  head).     Not  possessing  a  distinct  haad. 

' ■'jil.aeriabidnm.B.vap).     The  Buotera  with  which  the  oephalio 

;  many  Cepialopoda  (Cuttle-Sshes)  are  provided. 

The  oup-ahaped  soctet  ot  the  lup-joint  in  Vertebrates. 
ACRITA  (Gr.  abriiQaj  eoufusad).     A  term  someljinss  employed  aa  aynoa3~mous 

with  Pi-olfBoa  or  the  lowest  division  of  the  animal  kingdom. 
AptinosbiiES  (Gr.  al^itt,  a  ray ;  mtmt,  a  parti.    The  lobes  which  are  mapped 

out  on  the  surface  of  the  body  of  the  Clejiophora,  by  the  otenophores,  or 

comb-like  rows  of  cilia. 
ACTiNoaoHA  (Gr.  aitii;  and  soma,  body).     Employed  to  designate  the  entire 

body  of  any  J  ctinaoBn,  whether  this  ba  simple  (as  in  the  Sea-anemons*), 

or  composed  of  several  loQids  (as  ia  most  Corals). 
AoTINoaOA  (Gr.  akiin;  and  eoHn,  an  animall.      That  division  of  the  Calea- 

leraia  ot  which  the  Sea-anemones  may  be  taken  as  the  typo. 
Ai>ELARTBBuSOHATA  (Gr.  addoi,  hidden;  arlhoa,  joint;  lanm,  body).      An 

order  o(  tbe  AradiKida. 
AOAUIo  (Gr.  o,  without ;  gamoa,  marriage).     Applied  to  all  forms  of  repro- 

ductJOD  in  which  the  sexes  are  not  directly  concerned. 
AlLastohiea.     The  group  of  VerUbnUa  in  which  the  fffltua  is  furaisted  with 

an  ollantnis,  comprising  the  Reptiles,  Birds,  and  Mammals. 
AllaNTOIS  (Or.  atlai,  a  sausage).     Oqo  of  the  "membranes"  of  the  fcetusia 

cert^n  Vertebrates. 
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Alveoli  (Lat.  dim.  oF  almi,  belly).     Appliad  to  tbe  soolcets  of  the  teetb. 
AuBOLiCHA  (Iiat.  ambalacrtiiii.  a  place  tor  walking).      Tlie  perforated  apac 

or  '^avenues"  through  which  are  protnided  the  tube-feet,  by  meaua 

which  locomotion  ia  effected  in  the  Ec'iiiiodermala, 
AUBQLlToaY  (Lat.  aiahnlo,  I  walk).      Formed  for  walking.      Applied  to 


through  any  marked  metamorphoais. 
,  Amnios  (Gr.  amiKis,  a  lamb).      One  of  the  ftetal  membranea  of  the  higher 

VertobraWs. 
AMNIOT4,     The  Ri'OQp  o[  Verlebrala  in  which  the  tistua  is  furaishod  with  an 

amnloD,  comprising  the  fieptiles.  Birds,  and  Mammals. 
AuiSBi  (Gr.  awoiioi,  changing),     A  species  of  Rhizopod,  so  Qalled  from  the 

numerous  changes  of  form  which  it  undergoes. 
AmiEbiforM.     Resembling  an  Amtebii  in  form. 
AuoKPKO/OA  (Qr.  u,  without;  morphe,  ehape;  looa,  animal).     A  name  somu- 

times  vised  to  designate  the  Spoiwes. 
Amphibia  (Qr.  ampki,  both;  liioa,  life).     The  Frogs,  Newta,  and  the  liks, 

which  hare  gilla  vhea  young,  but  can  always  breathe  ait  directly  when 

adult. 
AMPeictBLons  (Gr.  amphi,  at  both  ends;  loiloi,  hollow).     Applied  to  verte- 

bne  which  are  ooncava  at  hotli  ends. 
Amphidiscs  (Gr.  amphi,  at  both  ends ;  rft'jioj,  a  quoit,  or  round  plat«).     The 

spicula  which  surround  the  gemmiiles  of  Sjiomjilla,  and  rssemble   two 

toothed  wheels  united  by  an  Mle. 
AMPHiosns  (Gr.  amphi,  at  both  ends ;  nruj,  sharp).    The  Lancelel,  a  little 

liah,  which  alone  constitutes  the  oiiJer  PhargTigwra-nchii. 
AHPRlPNEnSTA  (Gr.  amphi,  both ;  pneo,  I  breathe).     Applied  to  the  "  peren- 

nibranchiate  "  Amphibians  which  retain  their  gills  throi^b  life. 

Anal  (Lat.  amis,  ^e  vent).      Ccnoected  with  the  anus,  or  situated  near  the 
Tbe  group  of  Ferteii-ato  in  which  the  embryo  ia  not  fur- 

ANAETHHOPODAfGr.H,  without;  artSros,  a  joint ;  poia,  foot).  That  division  of 
.^  aHu^on  animals  in  wJiich  there  are  uo  nrtvitlated  appendages, 

ANCHTLoais  or  Ankylosis  (Gr.  ankslot,  erockjd).  The  union  of  twn  bones 
by  oaaeoas  matter,  so  that  they  become  one  bone,  or  are  immovably  joineil 
together. 

Andbooynocs  (Gt.  antr,  a  man ;  jiMne,  a  woman).  Synonymous  with  her- 
maphrodite, and  implying  that  the  two  seses  are  united  in  the  same  Ith. 

and  pM-D,  I  carry).     Applied  to  medusifoi-ra 
the  Hydmioa.  which  carry  the  spermatozoa,  and  differ  in 

A  (a  Galliciaed'form  of  AniMlala).       ITiB  Ringed  Worms,  which 
>f  the  divisions  of  the  Antaihraj^da., 
.    Composed  of  a  succession  of  rings. 
iini-ui,i>iuA  (Lat.  onnuiKt,  a  ring:  Gr.  eidia,  form).    The  sub-kingdoju  com- 
prising the  Echinodermaia  and  the  SmUcida  (=£cAino»ia). 
AKNUL03A  (Lat.  aHituItu).    The  sab-kingdom  comprising  the  Anarl/iiopmla 
and  the  Aiihropoda  or  Ariimlabi,  in  all  of  which  the  bod;  Is  more  or  less 
evidently  composed  of  a  flHOCBgaion  of  rings. 
AnouodOntia  (Ur.  -aiumua,  irregular;  odous,  tooth).      An  extinct  order  of 

Reptiles,  often  called  Dicynodonlia. 
6NOKURA  (Gr.  anoBioj,  irr^ular ;  oiira,  tail).     A  tribe  of  Decapod  Ctnatacia, 
of  which  the  Hermit-crab  la  the  type. 
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ASOPtOBA  (Or.  njw>p?(w,  unarmed  ;iimu,  tail).    An  orderof  Apteiwis  Insact". 

A  HOUR  A  (Gr.  a,  without;  oiira,  tail).      The  order  of  AmpMhia  oomprisinj; 

the  FrogB  and  Toai^,  in  which  tte  advilt  ia  destitute  of  a  tjul.     Oi1«D  sailed 

AntenNj;  (Lat,  antenaa,  a  yard-arm).     The  jointed  horna  or  feolars  possessed 

by  the  majority  of  the  Aflieitlata. 
Antensdi.es  (dim.  of  mtteiatie).     Applied  to  the  smaller  pair  of  antenna  in 

the  CnutiKta. 
ANTrBRACHiUM  (Gr.  anti,  in  front  of;  hradaon,  the  arm).      The  tore-arm  of 

the  higher  Vertebrates,  composed  of  the  radim  aad  vliia. 
Ahtc.erb.     Properly  the  bronohcfl  of  the  horns  of  the  Deer  tribe  (Ceriidte), 

but  generally  ^plisd  to  the  entire  horns. 
Ahtlia  ( Lat.  antlw,  a  pump).     The  spiral  trunk  or  proboscis  with  whieh 

Butterflies  and  other  Lepidopteroiis  Insects  suck  up  the  juices  of  flowers. 
AphaNIpTBEa  (6r.  aphavos,  inconspicuous ;  ptertm,  a  wing).      An  order  of 

Insects  oomprising  the  Fleaa. 
AplaOEsIaUa.    The  section  of  the  Mammalia,  comprising  the  two  divisions 

of  tbe  Didelpkia  and  Moaodelphia,  in  which  the  jouEg  is  not  furnished 

with  a  placenta. 
Apoda  (Or.  a,  without ;  podes,  feet).     Applied  to  those  fishes  which  have  no 

ventral  fins.     Also  to  the  footless  Caciha  amongst  the  Amphibia. 
Apodal.     Devoid  of  feel. 
ApodBMaTa  (Gr.  apodaio,  I  portion  off).      Applied  ta  certain  chitinoua  eopta 

which  divide  ilie  tissues  in  OrujUtcea' 
Aptera  (Gr.  a,  without;  pteimt,  a  winff).     A  division  of  Insects,  which  is 

charaoterised  by  the  absence  of  wings  iu  the  adult  condition. 
Apterous.    Deroid  of  wings. 
Apterix  {Gr.  a,  without ;  plerai,  a  wing).     A  wingless  bird  of  Kew  Zealand, 

belon^ng'  to  the  order  O'mjsm-m. 
AraoHMCa  (Gr.  arackvf,  a  spider).      A  clasa  of  tbe  Arltcidvla,  comprising 

Spiders,  Scotpiniis,  and  allied  animals. 
Arboresoent.    Branclied  like  a  tre*. 
ArchsopteryS  (Gr.  arctaioi,  ancient;  plcinx,  wing).      The  singular  fossil 

bird  wbich  alone  constit^ites  ilie  order  of  the  .Sniimne. 
ArchebcbfHaLa  (Gr.  mvko,  I  overrule ;  egtepiatoa,  briuii).     The  name  ap- 

Slied  by  Owen  to  his  fourth  and  highest  group  ot  Mamiaalia,  comprising 
[an  alone. 
Arenaorous.     Sandy,  or  composed  of  grains  of  sand. 
ArticCTLaTa  (T.at.  atdenliit,  a  joint).      A  division  of  the  animal  kingdom, 

comprising  Inseota,  Centipedes,  Spiders,  and  Crustacenra,  charactered  by 

the  jKJSBesaiou  of  jointed  bodies  or  jointed  limbs.     The  term  Ajihiipoda  is 

now  more  usually  employed. 
AftTIOBACTYlA  (Gr.  atiioi,  even  ;  daktuliK,  a  finger  or  toe).     A  division  of  the 

hoofed  quadrupeds  {VngKlaia)  in  whieh  each  foot  baa  an  even  number  of 

toes  (two  or  four]. 
ASCIMOIHA  (Gr.  agfeis,  a  bottle;  eidas,  a  form),     A  synonym  ot  Tnnicala,  a 

class  of  Molluscous  animals,  which  have  the  shape,  in  many  cases,  of  a  tivo- 

neoked  bottle. 
Asexual.     Apiilied  to  modes  of  reproduction  in  whiuh  the  sexes  are  not  eon- 

AsiFHONATB.     Not  possessing  a  respiratory  tiibe  or  i^phon.      (Applied  to  a 

division  of  the  Lamdlih-anckuae  Molluscs.) 
Asteroid  (Gr.  oster,  a  star;  and  eirfm,  form).      Star-shaped,  or  possesEmg 

radiating  lobes  oc  rays  like  a  star-fiah. 
AaTBROiDEA.     An  order  of  Ediirmderm,ala,  eompriwng  the  Star.fishes,  ehavac- 

terised  by  their  rayed  foi-m. 
Abtouatous  (Gr.  a,  without ;  stoma,  month).    Not  possessing  a  mouth. 
Atlas  (Or.  tbe  god  who  holds  up  the  earth).     The  fii^t  vertebra  of  tbe  neck, 
1  supports  tbe  skull. 


J  (Lnt.  a  hall).    Applied  to  the  great  ;hamber  or  "  cloaca,"  i 
Dtestine  opens  in  the  Tmiicaia. 
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Rubella  (Lnt.  aimm,  goM).    Applied  to  thsakrysaiidcia  of  eame  Ltpidaptei-a, 

on  account  of  tbcdr  eiMbiting  a  golden  Instre. 
AUWOM  (Lat.  dim.  of  aurii,  ear).      Applied  to  one  of  the  cavities  of  tho 

heart,  by  whichblowl  ia  driveo  into  the  Tentiiole. 
AUTOPHiOI  (Or.  av'oi,  self;  bAa.w,  I  «>')■     Applied  tfl  birds  whose  young 

oan  run  ahout  and  obtain  food  for  theiiiselvea  as  soon  as  they  escape  from 

tbe^. 
AvES  {Eat.  o»u,  a  bird).    The  class  of  tho  r 
AvicULATtruH  (Lat.  avicrtla^  dim.  of  nviJ'. 

ofl«n  sliapad  like  the  head  of  a  bii-d,  f 


BaOteetum  (Or.  bailsriojt,  a  staff).  A  liind  of  staff-shaped  filament  whieli 
appeai-s  in  oi^anio  infusions  after  tliey  have  been  exposed  to  the  air. 

BaLaNIDA  (Or.  balaruu,  an  acom).  A  family  of  sessile  Cirnpidu,  com- 
monly called  "ABoro-Bhelle.* 

B.^LGEH  (Lai  halaiia,  a  whale).  The  homy  plates  which  occupy  the  palate 
of  the  true  or  "whale- bone  *'  Whales. 

BaTIDES  (tir.  Moi,  a  bramble).  The  family  of  the  i:iamu>lira»ckU  compris- 
ing the  RayH. 

BaTBaOHIa  (Gr.  Imtrachoi,  a  frog).  Often  loosely  ajiplied  to  any  of  the  Am- 
ftkibia,  but  sometimes  restricted  to  tho  Amphibians  as  a  class,  or  to  th» 
single  order  of  the  A  ndunt. 

Bifid.    Cleft  into  two  parts ;  forked. 

BiLATEBAL.     Having  tflO  symmetrical  sides, 

Bimana  (Lat.  hii,  twioe ;  manui,  a  hand).     The  order  of  Mammalia  compria- 

BlFBDAL(Lai  Im,  twice;  pa,  foot).     Walking  upon  two  legs, 

BiRAKona  {leA.  bit,  twioe;  ramui,  a  branch).     Applied  to  a  iimb  whicB  is 


;  and  eidoa,  form).     An  extinct  order  of  ifcAi- 

Rodermaia,  often  called  Penlr^taikx^ 
BhaCHIOPODa  (Gr.  bnuAwm,  an  arm ;  pous,  the  foot).     A  olaas  of  the  Mol- 

luAcoidOj   often  called   "Lamp-shehs,"  characterised    by  possessing   two 

Beehy  arms  continued  from  the  sides  of  the  mouth. 
Brachiuh  (Gr.  ftmciion,  arm).     Applied  t«  the  upper  arm  of  Vertebrates 
Brachtuba  (Qr,  btachua.  short ;  oitro,  tail).     A  tiibe  of  the  Decapod  Oirjfa- 

ceani  with  short  tails  (i.e.,  the  Crabs). 
Bhaots.     {See  Hydrophyllia.) 

BHADYPODm*  (Gr.  bradus,  alow ;  pades,  feet).     The  family  of  JSdeaUila  com- 
prising ttie  Sloths. 
Branchia  (Gr.  t/ramkia,  the  gill  of  a  fish).     A  respiratory  organ  adapted  to 

breathe  air  dissolved  in  water. 
Branchiate.     Possessing  gills  or  branehiffi. 
BbaUOHIFEBA  (Gr.  iragckia,  gill;  and  phero,  I  carry),     A  division  of  Gas/ere- 

podous  Motluiet,  in  which  the  respiration  is  aquatic,  and  the  respiratory 

organs  are  mostly  la  the  form  of  distinct  gills. 
EtRANOHio-OASTEROPODA  (=  Brftnchifera). 
Bbakchiofoda  (Gr.  IragcUd;   and  jxms,  foot),      A  legion  of  Crualtura,  in 

which  the  gills  are  supported  by  the  feet. 
Bbanchjostbgal  |Gr.  irajcAto,  gills  ;  ittgo,  I  cover).    Applied  to  a  membrane 

and  rays  by  which  the  gills  are  protected  in  many  flthes, 
Breviuhqcia  (lAt,  In-ecU,  short;  lingua,  tongue).     A  division  of  the  Lartr- 

wing).     A  group  of  the  Katatw 
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Bronchi  (Qr.  bregiA/u,  the  vinr^pipe).      The  branches  of  the  trimlpipe 
(trachea),  by  wLioh  the  air  is  conveyed  to  the  vcsIoIbb  of  the  lung. 

BauTA  (Lat.  bnUut,  hoavj,  stupid).     Often  uaed  to  designate  the  Mamma- 
lian order  of  the  Edi^lttta. 

A  (Gr.  fo-ttoa,  moBS ;  boSb,  animal).     A  synonym  of  Poli/noa,  a  elaes  of 


BucoAC  (Lat,  bucca,  m 
Bdrsiforx  (Lat.  iurw 

spherical. 
Btssifesous.     Produoing  a  b;ssu 
Biesus  (Gr.  bfuioi,  flax).     A  term 

Pinna,  the  eoramon  Mussel,  a 

thamselvea  to  foreign  objects. 

CiEUCiBEANCHiATB  (Lat.  tadveiu,  felling  off;   Gr.  hroffchia,  gill).     Applied 

to  those  AmpMbians  in  which  Uie  plls  fall  off  before  maturity  b  reached. 
Caducous.     Applied  to  parts  which  fall  ofi  or  are  shed  duricg  the  life  of  the 

C«CAL  (Lat,  cacus,  blhid).     Terminatine  blindly,  or  in  a  clo^  extremity. 

CsoDM  (Lat.  emus)',     A  tube  which  termioatee  blindly. 

CffiSPtiose  (Lat  ccespa,  a  turf).     Tultod. 

CiiMOZOic.     (See  Kainumicl 

CALCia  (Lat,  aapur).     Applied  to  the  "spurs"  of  Raaorial  Birds;  and  also 

to  the  mdiments  of  the  hiud-limba  in  iwrtain  Snakes. 
C.vLCABKDUS  {Lat.  calx,  lime).     Composed  of  carbonate  of  lime. 
Calicb.     The.  little  cup  in  wbieh  the  polyps  of  a  coralligenous  Zoophyte 

(ActiTiiiioBii)  is  contained. 
CALrcopHORiD^  (Gr.  taltix,  a  oup ;  and  pieiv,  I  carry).     An  order  of  the 

Oceanic  H_^droioa,  so  called  from  their  possefsing  bell-ahagied  swimming 

organs  JBerfoco/jiCM). 
CaLTX  (Lat.  tal^,  a  cup).     Applied  to  the  oup-siiaped  body  ct  Voriicellii 

(ProlBioa,},  or  of  a  CHtimd  iEMnodennala}. 
Camfaudlabida  jLat.  campanula,  a  beU).    An  order  of  Hydrold  Zoophytes, 

CAPrtULCU  (Lat.  dim.  of  cn-ptu,  head).  Applied  to  the  body  of  a  Barnacle 
(Lepadid<E)j  from  its  being  supported  upon  a  stalk  or  peduncle, 

Caeapaoe.  a  protective  shield.  Applied  to  the  upper  shell  of  Cr.ibs,  Lob- 
sters, and  man;  other  Omttacm;  also  to  the  case  with  which  certain  of  the 
/n/uj(HTa  are  provided.  Also  the  upper  half  of  the  immovable  casein  which 
the  body  of  a  Chelonian  is  protect&i. 

CABiSATJi  (Lat.  carina,  a  kaal).  Applied  by  Husley  to  all  those  birds  in 
which  the  sternum  is  fiimisbed  with  a  median  ridge  or  keel. 

Carkivora  (LaL  caro,  flesh  ;  soro,  I  devour).     An  order  of  the  Sfammalia. 

CABMVOBona  (Lat.  caro,  Hesh;  vora,  I  devour).     Feeding  upon  flesh. 

CAwroaB(Uit.  earn).    Fleshy. 

CiBPOEHAHA  (Gr.  tarmn,  fmit ;  phatio,  1  eat).     A  section  of  the  Maraapialia. 

CabPoS  (Gr.  karpos,  the  wrist).  Tho  smail  bones  which  intervene  between 
the  fore-arm  and  the  metacarpus, 

CiTABHISA  (Gr.  hUa,  downwards ;  rUnes,  nostrils).     A  group  of  the  Qtuuh-K- 

CaUDaL  (Lat.  cavda,  the  tail).     Belon^ng  to  the  tail. 

CiViCOKWA  (Lat.  cavus,  hollow;  coma,  a  horn).  The  "hollow-horned" 
Ruminants,  in  which  the  bom  conasta  of  a  central  buny  "horn-core"  sur- 
rounded by  a  horny  sheatJi. 

CENTRnu  (Gr.  iwiroB,  the  point  round  which  a  circle  is  dcsciibed  by  a  pair 
of  compasses).     The  central  portion  or  "body"  of  a  vertebra. 

Cephalic  (Gr.  h^iali,  head).     Belonging  to  the  head. 

CfPHALO-BBANGHiATE  (Gr,  Isphah;  and  bragciia,  gill).     Carrying  gilia  upon 
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the  lusii3.     Applied  to  a  Seotioc  of  tb»  Annelida,  vblch,  libs  the  Serjnla, 

buve  tnffa  of  external  gills  placed  upoB  tbe  head. 
CephiL  PHOEjV  (Gr.  tcpfiale;  md  phero,  I  carrj).     Used  synonymously  with 

E  «■  I  halo,  to  designate  those  Mollasca  which  posaesa  a.  distinct  head. 
Cephal  pi  di  (Gr,  ktjihide;  anipodei,  feat).     A  class  of  the  Mollmai.  com- 

pns  n     the  Cuttle-iishea  and  thoir  allies,  in  which  there  is  a  seriea  of  arma 

CKPHftL  THORAX  (Gr.  kepkaJe;  and  Ihaivx,  cheat).     The  anterior  division  of 

the  body  in  many  CrtntO'Cta  and  Aracknida,  which  is  composed  of  tbe 

coalesced  bead  and  chest. 
Ce  IE      The  naked  ai>ace  fonnd  at  the  base  of  the  Iiill  of  some  birds. 
OEBVlCAt  (Lat.  <xnix,  neck).    Gonneoted  wi«i  the  region  of  the  neot. 
Cesto  DBA  (Gr.  fesfoi,  a  Binlle).      An  old  name  tor  the  Taniada,  a  olaaa  of 

mtest  nal  worms  with  flat  bodies  like  tape  (bsnco  the  name  T^eworms). 
CestraPBOBI  (Gr.  kettTH,  «.  weapon ;  pAero,  I  carry).     The  group  of  Elaimo- 

braiKk     represented  at  the  present  day  by  the  Port  Jaokaon  Shark. 
OetaCEa  (Or.  iifoj,  a  whale).    The  oilier  of  Mammals  comprisdng  the  Whales 

and  Dolphins. 
CHBToOKAiaA  (Or.  chaite,  bristle ;  gnaihoi,  jaw).     An  order  of  tlie  Aiiai-iiro- 

poda,  comprising  only  tbe  oceaoic  genua  Sti^iUa, 
OheiBoppBBa  (Gr.  tlxit,-  hand;  jiierun,  a  wing).      Tbe  order  of  Mammals 

comprising  the  Bats. 
Chbl*  (Gr.  lAtle.  aolaw).     The  prehensile  claws  with  which  some  of  the 

limba  are  terminated  in  certain  CruelBeea,  euch  aa  the  Crab,  Lobster,  &o. 
Chelate.    Possessing  cheUe ;  applied  to  a  limb. 
Chelicbbs  {Or.  cAeie,  a  claw  ;  and  Jraiu,  a  horn).      The  prehensile  clawa  of 

the  Sooqiion,  supposed  to  be  homoloifous  vith  aiit^nnce. 
CHELOTiiA  (Gr.  chelone,  a  tortoise).      The  order  of  Reptiloa  comprising  tbe 

Tortoises  and  Turtles. 
CEELOKOBATBiCHiA  (Gr.  cMone,  a  tortoiic ;  hairBchot,  a  frog).      Sometimes 

applied  to  the  Amphibian  order  of  the  jIkom™  (Frogs  and  Toads). 
OUILOOMATBA  (Gr.  Aiioi,  a  lip ;  and  giudiioi,  a  jaw).     An  order  of  the  My- 

Chilopoda  (Gr.  clieilos;  asApodei,  feet).     An  order  of  the  Myriapoda, 
CHiriNE  (Gr.  chiton,  a  ooat).      The  peculiar  chemical  principle,  nearly  allied 
to  horn,  which  forma  the  exoskeletan  in  many  Invertebrate  auimala,  espe- 
cially in  the  Arthrpaod<t  (Ottufacea,  Ins&^t  &c.) 
ChlObOphtU.  (Gr.  cUoros,  green ;  and  ph^lloa,  a  leaf).     The  green  colouring 

ChbouatophobeS  (Gr.  chroma,  coraplesioii,  or  colour;  and  wSei-n,  I  carry). 
Little  sacs  which  contain  pigment-granules,  and  are  found  in  the  integu- 
ment of  Cuttle-fiabea. 

ChbTSaLIB  (Gr.  chmsoa,  gold).  The  motionleaspupaof  butterflies  and  moths, 
so  called  becauae  aometimea  exhibiting  a  golden  lustre. 

CHYLitjUEOua  FLUID.  A  fluid  Consisting  partly  of  water  derived  from  the 
Biterior,  and  partly  of  the  products  of  digestion  (chyle),  oocupying  the 
body-cavity  or  perivisceral  amce  in  many  Invertebrates  {il«!i*Mcs,  Eduno- 
denti,  ftc),  andsometimea  havinga  special  canal-system  for  its  conduction 

w,.jait 

CHYUnc  (Gr.  rf«7o(,  juice  iohyfe] ;   and  lat.  /ocia,  I  make). 

chyle.     Applied  t«  one  of  the  etomaehs,  when  more  than  one  is  present. 

The  word  Is  of  mongrel  origin;  and  "chylopoietic"  is  more  correct. 
CnvHE  (Gr.  thiimos,  juice).     The  acid  pasty  fluid  produced  by  tbe  action  of 

the  gastric  juice  upon  the  food. 
Chymb-maSS,     The  central,  semi-fluid  sarcode  in  the  interior  of  an  /Mfaaori'ini. 
Cilia  (Lat.  cilitim,  an  eyelash).    Microacopic,  hair-hkB  filaments,  which  have 

the  power  of  lushing  backwards  and  forwards,  thus  creating  cnrrenta  in 

the  surrounding  or  contiguous  fluid,  or  subserving  locomotion  in  the  aalmal 

which  possesses  them. 
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CmOOTiABifLitt.  cilinm;  and  graiiior,  I  walk).    SynoaymrKa  vilb  Clenophara, 

an  order  of  Actiaoioa. 
ClfCLiDKS  (Gr.  iigtiit,  a  lattioe).     Special  apertures  in  the  eolomn-wallB  o( 

«ume  Sea-aneiDODes  {Actinia),  vblch  probably  serve  for  the  emissioD  of  the 

eord-lilte  "orasperfa," 
Cirri  (lat.  ciniia,  a.  carl).     TeDdril-libe  ftppeDdages,  such  as  tbe  feet  of  Ear- 

uncles  anil 'Acorn-sbells  (C'irripcda),  the  lateral  processes  ou  the  onus  of 

Sracftiopoda^  &c> 
CiRHiPEKous  or  OmniOKBOOB.    Carrjing  oirri. 
ClREIfiiSu,  CiRHQIPEDiA,  Or  CiBRHoroDA  (I^it.  ccrma,  &  curl;  and  pes,  a 

foot).     A  mb-olasB  of  Crmiacm  with  ourled  jointed  feet. 
ClRROs^DHI  (Lat.  cima,  atendril;  Gr.  sloma,  mouth).     Sometimes  used  to 

deaignate  the  Phar^ngobiunchii. 
Ci,*i>ociEBA  (Gr   lladoi,  a  branch;  ttrai,  a  horn).     An  order  of  Cruslaeea 

witb  branebsd  aiitenDEe. 
CtATATK  <La.t.  eUivas,  a  olub).     Club-shaped. 
C1.4VICLE  (Lat.  claeicula,  a.  littlB  kej).     ThB-f'ooliar-bonB,"  forming  one  of 

the  elements  of  the  pectoral  aroh  of  Vertebrates. 
Cu>ADA  (TAt.  a  sink).    The  caiity  into  which  the  intestinal  canal  and  the 

duets  of  tbe  geoerati™  and  urinary  organs  open  in  common.  In  eotue  In- 

vertebiateB  (e-g.,  is  Insects),  uid  also  in  man;  Vertebrate  niiinmla. 
Clypeifobm  (Lat.  el^peus,  a  ^ield  ;  and  forma,  shape).     Shield-shaped ;  ap- 
plied, for  ewmple,  to  the  oarapace  of  the  King-crab. 
CsiOM {Or.  tnidt,  a  nettle).     The  urticating  cells,  or  "thread-cells,"  whereby 

man;  CceieRitraU  animals  obtain  their  poner  of  stioi^tig. 

aph^ 

CoccosFsERiiS  (Or.  kotkof;  and  iphaira,  a  sphere).  Spherical  massoa  of  saf- 
code,  enulosed  in  a  delicate  calcareous  Bnielope,  and  bearing  oooEoliths 
Dpon  their  eitemat  surfane.  Both  coccospheres  and  eoccoliihs  are  em- 
bedded in  a  diffused  Plasmodium  of  sarcode,  the  whole  constituting  a  low 
Ekiiopodie  organism. 

CoccTQEiL.     Conoected  with  the  coceys. 

Cooorx  (Gr.  toIiiKr,  a  cuckoo).  The  terminal  portion  of  the  spinal  oolun-.n 
in  man,  so  called  from  its  resemblance  to  a  cuckoo's  beak. 

COCOOH  (french  cocoit,  the  cocoon  of  the  eilk.worm;  connected  with  Fr. 
cogue,  shell,  wbioh  is  derived  from  tbe  Lat.  conclui).  The  outer  covering  of 
sitk;  hairs  witb  which  the  pupii  or  chrysalis  of  many  insects  is  protected. 

CoDOBoSTOHA  (Gr,  iWoR,  a  belt ;  atoma,  mouthl.  The  aperture  or  mouth  of 
the  dieo  (neetooalyx)  ot  a  Medusa,  or  of  the  bell  (gonooalyi)  of  a  meihisi- 

COiLEMTSRATA  (Gr.  koUm,  hollow ;  en(rrm,  the  bowel).  The  snb.kinj^-Jom 
which  compriaoB  the  Hgdnioa  and  Aetisoioa.  Proposed  by  Froy  and 
Leuckhart  la  place  of  the  old  term  Radiala,  which  included  otbor  animals 

Ir.  hahuii.  common :   endimiia.  tissue).      The  common  cal- 
_ _.  .  ..„ IS  corallitee  of  a  oompouDd 

CfflHfficlOM  (Gr.  kmnos,  common ;  (rtkoi,  boose).  The  entire  dermal  sjBtem 
of  any  PoI_1!bSii;  employed  in  place  of  tbe  terms  polyaoary  or  polypidom. 

C(E»oaAIiC  (Gr.  ioinos,  common ;  lurx,  flesh).  The  common  organised  mo- 
dium  by  which  the  separate  polypit^  of  a  compound  Bydivwlin  are  con- 
nected together. 

COLEOPTEBA  (Gr.  iolsoi,  a  sheath;  pleroa,  wiufi;).  The  order  of  Insects 
(lieeties)  in  which  the  anteiior  pMr  ot  wings  are  hardened,  and  serve  as 
protective  cases  for  the  posterior  pair  of  membranous  wings. 

CoLUBRiNA  (Lat.  coluber,  a  snake).    A  division  of  the  Ophidia. 

COLUKBACEE  (Lat.  eoifwiin,  a  dove).  The  division  of  Rasorial  Birds  compris. 
ing  the  Doves  and  Pigeons. 

COLUMBI.LA  (I^t.  dim.  of  mlviana,  a  oolnmn).      In  Conchology,  the  central 
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C01.DBN.     Applied  to  the  oylindrical  body  of  a  Sea-anemone  {Adiniv) ,  also 

to  Ihe  jointed  stem  or  peduncle  o£  (he  stalked  Criiwids 
COHMISSUHAL  (Lat.   cammitto,    I   Bolder  together).      Connecting  together, 

usnidly  aiipHed  to  the  nerve-fibrss  which  unite  different  gungHa 
CotiCfiA  (Lat,  a  shell).     The  externa!  ear  by  whieh  sounds  are  collected  and 

CoscHIPEHi  (lat,  mncAn,  a  shell ; /ero,  I  oarry).  Shellfish  Applied  m  a 
restricted  sense  to  the  bivHlve  Molluscs,  and  used  as  asjnonymlurZasieJJt- 

CONDrLK  (Gr.  ionrfBToj,  aknuekle).     The  surface  by  which  one  bone  iirticulates 
with  another.      Applied  especiaily  to  the  articular  eurfaoe  or  surfaces  by 
which  the  skull  articulates  with  the  Tertebral  column. 
CoNfROSTHEfl  (Lat.  couvi,  a  cone ;  roitram,  a  beak).     The  disiaion  of  Perching 

Birds  with  coDioal  beaks. 
OoPEPODi  (Gr.  fope,  an  oar ;  poSai,  feet).     An  order  of  Ofufncen. 
COBACulD  {Gr.  War,  a  crow ;  fidos,  form).     One  of  the  hones  whioh  enters 
into  the  composition  of  the  pectoral  arch  in  Birds,  Reptiles,  and  Mono- 
tremea.     In  most  Mammals  it  is  a  mere  process  of  the  scapula,  having,  in 
man,  some  resemblance  in  shape  to  the  beak  of  a  crow. 
COBALUOEHOCS.     Producing  a  corallum. 

CoRALUTB.      The  coralliim  secreted  by  an  j1  cHno2oSa  which  consists  of  a 
single  polype;  or  the  poi-tion  of  a  composite  corallum  which  belongs  to,  and 
is  secreted  by,  an  individual  polype. 
CoBiLLDM  (from  the  Latin  for  red  coral).    The  hard  structures  deposited  in, 

or  by,  the  tissues  of  an  JctineioBn, — commonly  called  a  "  coral," 
COMaOSOUS  (Lat  corium,  hide).     Leathery. 

COBPOB CALLOBDM  (Lat,  the  "firm  body").     The  great  band  of  norvoits  mat- 
ter which  unites  the  two  hemispheres  of  the  cerebrum  in  the  Mammnls. 
COBfUBCDLATEIi  (Lat.  eorpnimlvM,  a  little  body  or  jiarticie).     Applied  to 
flnida  which,  like  the  blooil,  contain  floating- solid  particles  or  "corpuscles," 
CottliOAL  LAYER.      Tlio  layer  of  consistent  sareode,  whioh  in  the  Jiifiuoria 
enoloees  ihe  chyme  mass,  and  ia  surrounded  by  the  cuticle.     Saautimes 
catted  the  "parenchyma  of  the  body." 
CnaTM  (Lat.  casta,  a.  rib).      Applied  amongst  the  Orinoidea  to  desismata  the 
rows  of  plates  which  sucEeed  the  inferior  or  basal  portion  of  the  cup  (pel- 
vis).     Amongst  the  Corals  the  "oostse"  are  vertical  ridges  which  occur 
on  the  outer  aurbee  of  the  theca,  and  mark  the  positioa  of  the  septa 
wi(hin. 
CobtaL  (Lat.  mifo,  a  rib).     Conrcoted  with  the  ribs. 
CbaHIUU  (Gr.  ii«niofl,  the  skull).     The  bony  or  cartilaginous  case  in  whioh 

the  brain  ia  contained. 
CftASPEDA  ((Jr.  hiuaedini,  a  margin  or  fringe).     The  long,  convoluted  cordM, 
containing  thread-cells,  which  are  attached  lo   the  free  margins  of  the 

CrKfuSCUlaB  (Lat.  cifniucu/um,  dusk).  Applied  to  animals  which  are  active 
in  the  dusk  on  twilight. 

CntNOlDBA  (Gr.  i™ioa,  a  lily;  tidoi,  form).  An  order  of  .SfJliMifd-iiurfa,  com- 
prising forms  which  are  ueually  stalked,  and  sometimes  resemble  lilies  in 

CiufcoDILU.  (Gr.  hfitodeilot,  a  crocodile).     An  order  of  Reptiles. 

Crop.     A  partial  dilatation  of  the  gidlet,  technicuily  called  "  ingluvies." 

Cbcstaoea  (Lai  cnula,  a  crust).  A  class  of  articulate  animals,  comprising 
Crabs,  Lobsters,  lie.,  characterised  by  the  possession  of  a  hard  shell  or 
emst,  which  they  cast  periodically. 

CtKNOOYHT  (Gr.  ileit,  a  oomb ;  iustis,  a  bog  or  cyst).  The  sonse-organ  (pro- 
bably audit<>ry)  w'-"'-  -'-  "-  '" '-  - 
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Otenofhoba  (Gr.  ile!i,  a  oomlj  ;  and  phav,  I  carry).    An  ofder  of  Aelaioioa, 

oompFisin^  oceaitiic  CL-estares,  whiDh  swim  by  ineana  of  "  ctenaphores,"  or 

iifinda  of  cilia  arranged  in  CDOili-lilie  plates. 
CubSobes  (Lat  chtto,  I  nm).     An  ordei-  of  Avei,  oomiirieing  birds  destitute 

of  the  povfer  of  flight,  but  fOnnod  tor  running  vigorously  (e.j.,  the  Ostrith 

BUd  Smeu}, 
Cdbpidatb.     Furnished  with  small  pointed  eminences  or  "  cuppa," 
CoriCLS  (tat,  ciil-'mla.  dim.  of  oicii),  skin).      The  pellicle  wliich  forms  the 

outer  layer  of  the  body  amongst  the  IiifusiH'ia.     The  outei'  layer  of  the  in. 

tegument  generally. 
Cdt>jE  (I^.  skin).     The  infsriot-TaBctilar  layer  of  the  int^tmieat,  often  called 

the  catia  vera,  the  eoriwn,  or  the  denna, 
CvoLOiD  (Gr.  huilos,  a  circle  ;  eidoi,  form).     Applied  to  those  scales  of  lisljes 

which,  have  a  regulaily  oironlar  «r  elliptical  outline  with  an  oven  inargiii. 
OlcuiSTOMI.      Sometimes  used  to  desiguate  the  Hag-Hslies  and  Lampreys, 

forming  the  order  Micriipotrancliii, 
Cist  (Qr.  itutft's,  a  bladder  or  bag).    A  sue  or  vesicle. 
Cystica,    The  embryonic  forma  (seolicesj  of  oeiiain  intestiiiaJ  worms  (Tjij)©- 

vrorms),  niiich  were  dessrihed  as  a  distinct  order,  until  their  true  nature 

■" An  extinct  order  of 


Dbciddoos  (Lai.  decide,  I  fall  off).     Applied  to  parts  which  fall  off  or  are 

shed  duriiii>;  the  life  of  the  animal. 
Dboohated  [Lat.  dccallo,  I  behead).    Applied  to  univalve  shells,  tlio  apes  of 

which  falls  off  in  the  course  of  growth. 
DKIsosiDHii  (Gr.  deiiws,  terrible;  nam-a,  llanrd).     Au  extinct  order  of  Eep- 

DenDbIFOBIT,  Dbheritic,  Dendroid  (Gr.  dendrmi,  a  tree).     Branched  like  a 

DentihosIBBS  (lat.  dens,  a  tooth;  i-osft'iiin,  a  beak).     The  (jToup  of  Perching 

Birds  in  which  the  upper  mandible  of  the  beak  has  its  lower  margin  Mothe.]; 
DEitMA.     ISet  CutJs.) 

Ueiimal  (Gr.  derma,  skin).     Belonging  to  the  integument. 
DbBMOSCLBBITES  (Gr,  Uerma,  skin  ;  alleroi,  hard).     Mrsscs  of  spicules  which 

ocour  in  thetjaaues  of  some  of  the  Alsganidm  (Attiiuaoa), 
Bksuidu.     Minute  fresb-water  plants,  of  a  green  colour,  without  a  siliceous 

epidermis. 
DEUTEEOZOiSDa  (Gr.  dsala-M,  second ;  ioftt,  animal ;  eidoi,  toi-m).     The  Boiiiila 

which  are  produoed  by  gemmation  Irom  zoUtds. 
Dextkal  (Lat.  dextra,  lia  rijjht  hand).    Eight-lianded ;  applied  to  the  direc- 
tion of  Che  spiral  in  the  greater  number  of  univalve  shells. 
DiAPHBAOJi  (Or.  diaphtigMa,  a  partition).      The  "midriff,"  or  the  muscle 

which  in  Mammalia  foima  a  partition  between  the  cavities  of  the  thorax 

and  abdomen. 
DiASTEKi  (Gr,  rfio,  apart;  AfafeiBi,  to  place).     A  g.ip  or  interval,  especially 

between  teeth, 
DiA8»0LB(Gr.  dio*(eZfc,  I  separate  or  expand).     Theexpanrfonof  acontracijla 

CBvity  Buoh  as  the  heart,  which  follows  its  contraotion  or  "systole." 
Dl^TUMAoa^  (Gr.  dioiemnOf  1  sever).     An  order  of  minute  plants,  which  are 

provided  with  siliceous  envelopes, 
DiBBAKCHiATA  (Gr.  (Ki,  twioe ;  h-agclda,  gill).      The  order  of  Csphalnpoda 

(compriaing  the  Cnttle-tishea,  &c.)  in  which  only  two  sills  are  present, 
DiOYNODOMTiA  (Gr.  iWf,  twice;  hioa,  dog;  odotis,  tootli).     An  extinct  order 

of  Eepiilea, 
DiDJiLPHiA  (Gr.  (ZiJ,  twice ;  delphvs,  womt).      The  subdiviMon  of  Mammals 

compriaing  the  Maranpisis, 
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DiQiTiaBADA  (Lat.  diktat;  giadior,  f 

DlOiTIOftiDE.     Walkiug  upou  tbe  tips  of  tbe  toaa,  and  uot  upan  the  eoles  o( 

DlUEROSOUATA.  (Gr.  dis;  mtros,  part;  fonui,  'bod)').     Am  orier  of:  Araclimda, 

compriBing  the  true  Spiders,  so  called  from  tlie  marked  division  of  the  bodj 

into  two  regiona,  the  cBphalothorai  and  abdomen.    The  name  A laneida  is 

often  employad  for  tbe  order. 
DiKYiBY  (Gr.  dii,  twice;  mttpn,  muscle).     Applied  to  those  bivajTB  Molluses 

(LamellibrancliicUa)  ia  which  the  ahell  b  eloaed  by  two  aiiductor  mustles, 
DiiEciOns  {Gr.  du,  twice  ;  oi^,  house),      RIaiing  the  !<exes  diittinct ;  applied 

to  species  wiiieli  oonsiKt  of  male  and  female  individuals. 
DiPHTODONT  {Gr,  dii,  twioe;  pAao,  I  generate;  odoas,  tooth).    Applied  to 

those  Mammals  which  have  two  sets  of  teeth. 
DjphyozoOIBS.    Detached  roproductivo  portions  of  adult  Cahjcop/iofida,  au 

order  of  ooeanio  Hy^rosoa. 
Dipnoi  IGr.  dis,  twice;  pm>e,  breath).     The  order  of  Eshea  represented  by 

tbe  lA^idoiil-en,. 
DiPTEBs.  (Gr.  dia,  twice ;  ^)(m™,,  wiog;).     An  order  of  Insects  cbEracterised 

by  the  possession  of  two  wings. 
DiSoOiD  {Gr.  daiba,  a  quoit ;  eidoi,  form).     Shaped  like  a  round  plate  or  qnoit. 
DiBCOPHORi  (Gr.  disio!,  a  quoit ;  phera,  I  carry).     This  term  is  applied  to 

the  Mediisie    or  Jelly-lishea,  from  their  form ;   and  is  Eometiines  used  to 

designate  tie  order  of  tbe  Leeobea  (Hii-iuliiiea),  from  the  snetoiial  discs 

which  these  animals  poFeesg. 
DresBPTMBNK  (Lnt.  diiiepio,  I  partition  off).   Partitions.    Used  In  a  restriEted 

sense  to  designate  certain  imperfect  transversa  partitions,  wbicli  grow  frum 

the  septa  of  many  oorals. 
Distal.     Applied  to  the  quickly  growing  eod  of  tbe  hydrosamn  of  a  Hi/dro- 

2«I5»;  the  opposite,  or   "proximal,"  e>;trBmity  growing  leas  rapidly,  and 


u  (Lat.  dh-ertical'a.iii,  a  by-road).     A  lateral  tube  with  a  blind 

eiLTHiuiLy  springing  from  tbe  side  of  another  tube. 
Dorsal  (I^t,  (/oisiiw,  back).     Connected  nitb  the  back. 
UoRBiBBANcniATE  (Lat.  dortum,  the  back ;  Gr.  'migckut,  gill).     Having  ei- 

ternal  giila  attached  to  tbe  back  ;  applied  to  certain  AiiMdides  and  Molltisca. 

The  term  is  of  mongrel  composition,  and  "notobranehiate"  is  more  correctly 

employed. 

ECDBlROtl  (Gr.  th,  out;  deifis,  skin).  The  outer  plane  of  growth  of  the  ex- 
ternal integumentary  layer  (viz.,  the  ectoderm,  or  epidermis). 

EoDTSis  (Gr.  ekdiuU.  a  stiipping  off).     A  shedding;  or  moulting  of  tbe  akin. 

ECQiNoaDCOi  (Gr.  eehinoi,  a  hetlgehog;  hokkoi,  a  berry).  The  larval  forms 
(soniices)  of  the  tapeworm  of  the  dog  ( Tcenia  etMsomixas),  comiuouly  known 

EOHENODBBMATA  (Gr.  eiAtBOS;  and  derma,  skin).  A  class  of  animals  com- 
prising the  Sea-urohins,  Star-iishee,  and  olhora,  most  of  which  have  spiny 

EcHiNOiDEA  (Gr.  echium ;  and  cidot,  foriu).  An  order  of  Echhiodermafa,  eom- 
— ising  the  Sea-urcliins. 


EtnuDERM  (Gr.  eklosi  ana.  derma,  skin).  The  external  iut^iimentary  layer  of 
the  CctteKterata. 

E0TOSARc(Gr.  sWo*  i  •m^,  flesh).  Theouter  transparent  sarcole  layer  of  cer- 
tain Bhiimodi,  suoh  as  tbe  A  mielia. 

Epkntata  (tat.  e,  without ;  deia,  tooth).  An  order  of  Alammatia  often 
oalle'd  Brala. 
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Edentulous.  Toothless ;  without  any  dental  apparatua.  Applied  to  tbo 
mouth  of  any  animal,  or  to  the  hinge  of  the  bi'alve  Molluaoa. 

EdriophthalmaTa  (Gr.  W™«is,  aitting;  oplulialiaos,  eye).  Tho  division  of 
Ci-uitacea  in  which  the  eyes  are  sessile,  iind  are  not  supported  upon  BtalkB. 

ELASMuBRANCHn  (Gr.  elasma,  a  plate;  bronchia,  gill).  An  order  of  Fiithes, 
inclading  the  Sharks  and  Buys. 

Elytka  (Gr.  elrUron,  a  sheath).  The  chitinous  anterior  pair  of  winga  In 
Beetles,  which  form  eases  fur  the  poatorior  memhranous  winea.  Also  ap- 
plied to  the  Boales  or  plates  on  the  ba4;k  of  the  Sea-mouse  {Jf^^4■'ldite). 

Embryo  (Gr.  en,  in;  brtio,  I  ewelll.  The  earUeststsge  at  which  the  youog 
animal  i,s  reoogniiabla  in  Che  irapregnitled  ovum. 

Encephalon  (Gr.  egcephaioi,  brain).  The  portion  of  the  corebio-spinal  ner- 
vous axis  contaioM  vlthiu  the  cranium. 

Ebckphalous  |Gr.  m.  in ;  lea>luUe,  the  head).  PosEOBsing  a  diatinot  head. 
Usually  applied  to  all  the  MMusai  prop^  except  the  LnvitUibrancfdiiia. 

ESCYSTATIOH  (Or.  en,  in;  tvttii,  a  b^).  Tlie  transformation  undergone  by 
certain  of  the  Proloioa,  when  they  become  motiouless,  and  surround  them- 
selves by  a  thick  coating  or  cyst. 

EsDiiRuii  (Gr,  m,  in ;  dtroa,  skin}.  The  inner  plane  of  growth  of  the  outer 
inlagumentary  layer  (viz.,  the  ectoderm,  or  epidermis). 

Endogyst  (Gr.  eiidon,  within ;  imtis,  a  bag).  The  inner  membrane  or  iotegu- 
mentary  layer  of  a  Potj/ioSn,  In  Crdliilella,  where  there  is  no  "ectoeyat," 
the  endocyat  constitutes  the  entire  integument. 

EbDOdebU  (Gr.  endon;  naidei-ma,  skia).  The  inner  integumentary  layer  of 
the  Caleiiterala. 

Bnhopodite  (Gf.  endim;  and  pmu,  foot).  The  inner  of  the  two  seeoudary 
joints  into  which  the  typical  limb  of  a  Ormlofean  is  divided. 

EsDOSiBO  (Gr.  eadonj  und  nirx,  flesli).  The  inner  molecular  layer  of  aircuds 
in  the  ABtaba,  and  other  allied  Rhkopodi. 

KbdoskkIiETON  (Gr.  endoii;  and  akalclo>,  dry).  Tho  internal  hard  structures, 
such  as  bonea,  which  serve  for  the  atinchmsnt  of  mtiscles,  or  the  protection 
of  organs,  and  which  are  nut  a  mere  hardening  of  the  integument. 

EnsiFoBM  (Lat,  ends,  a  aword  ;  foriaa,  shape).     Bword-shaped. 

E^iTOHOPHAGA  (Gr.  mloiKO.,  insects  ;  piMgo,  I  eat).    A  section  of  the  Mai-su- 

EntomosThaCa  {Or.  entoma,  insects ;  oatTahus,,  a,  shell).      Literally,  shelled 

inseota— applied  to  a  diviaon  of  Omstaeea. 
Entozoa  (Gr.  eslm,  within;  soSa,  animal).     Animals  whicli  are  parasitic  in 

the  Interior  of  other  animals. 
EoOEtiB(Gr.  ees,  dawn;  kainos,  new  or  recent).     The  lowest  division  of  the 

Tertiary  rocks,  in  trbioh  species  ol'  existing  sheila  are  to  a  small  extent 

represented. 
Epidekjds  (Gr.  epi,  upon;  dei-ma,  the  true  skin).      The  outer  non-vasoular 

layer  of  the  skin,  often  called  the  aoarf-skin  or  mticfe. 
Efikeha  (Gr.  epi,  upon ;  nieroti,  thigh).     The  lateral  pieces  of  the  dorsal  aro 

of  the  somite  of  a  Cniilacean, 
EpIpODIa  (Gr,  tpi,  opoQ ;  pDiw,  the  foot).     Muscular  lobea  developed  from 

the  lateral  and  Hpper  sutf aces  of  the  "foot"  of  aome  jWoJiMscj. 
Epipoditb  {Gr.  epi,  upon  1  paia,  foot).     A  process  developed  upon  ti.e  basal 

Joint,  or  "  protopodite,"  of  some  of  the  limbs  of  certain  CiTistacea. 
Bpistebna  (Or.  tpi,  upon;  altrTton,  the  breast-bone).     The  lateral  pieces  of 

the  inferior  or  ventral  arc  of  the  somite  of  a  Oiu'tiMan. 
EpibKihe  (Gr.  inn'v  and  >(oma,  mouth).    A  valve-like  organ  which  arches  over 

tie  mouth  in  oert^n  of  the  Polyioa. 
Epithboa  (Gr.  cpf  /  and  tlieie,  a  sheath).    A  oonHnuous  layer  surrounding  the 

thecBB  in  some  Curals,  and  being  the  asternal  indications  of  tabulio, 
Epizoa  (Gr,    epi,  upon;  mSn,  animal).      Animals  which  are  parasitic  upon 

other  animals.     In  a  restiioted  sense,  a  division  of  Ontslecea  which  am 

parasitic  upon  fishes. 
Eqcilatehal  (Lat.  leqian,  equal  ;  lotus,  side).     Having  its  sides  equal,     Usu- 


Hoifdb,  Google 


632  GLOSSAKY. 

sholU  of  the  Foraminifira,  it  means  tbat  aU  the  conrolntioDS  of  the  thell 
lie  in  the  snnie  plane. 
EiiniVALVB  (Lat.  aqii«i,  oqnal ;  ■caha,  folding-doora).      Applied  to  shelis 

EbraKTIa  (Lat.  BTD,  I  wander).    An  order  of  Anrtelida,  often  called  Nm-eidea, 

diatingiiiBhed  by  their  grest  locomotive  powers. 
EdbiftStuda  (Gr.  euTia,  broad ;  ^laoB,  wing).      Ad  extinct  Bub-oi-der  of 


EXOFODITK  (Gr.  eco,  outside ;  pom,  foot).  The  outer  of  the  two  Becondary 
joints  into  which  the  typiial  hmb  of  a  CrKSlacmn  is  divided. 

ExosKELETON  (Gr.  exo,  outside ;  lieletoa,  dry).  The  external  skeleton,  which 
is  constituted  bj  a  hardening  M  the  integument,  and  ia  often  called  a 
' '  dermoskeleton. " 

FjiSMCniATED  (Lut.  faKicutat,  a  bundle).     Arranged  in  bundles, 

raUNA  (Lat.  Fmini,  the  rural  deities  of  the  Eomniis).     The  general  oEsom- 

bli^  of  the  animals  of  imy  region  or  district, 
Fehdr.     The  thigh-bone,  intervenlDg  between  the  pelvis  and  the  bones  of 

the  leg  proper  (tiliia  aaa^Hivta). 
FreULA  (Lat.  n  brooch).     The  outermost  of  the  two  bonca  of  the  leg  in  the 

higher  VerfdaiiUt;  corresponding  to  the  aliui  of  the  fore-arm. 
Filiform  {hat.  fitam,  a  thread  ;  forma,  shaiie).  Thread -shaped. 
FlSHUSODIA  (Lat-jSaiio,  I  cleave;  &^ffl,  tongue).     A  division  of  hamiiUa,, 

with  bifid  tongues.' 
Fission  (Lat.  Jiato,  I  cleave).     Multiplication  by  means  of  a  process  of  sclt- 

FlSSIPiBOTJ8(Lat.^nrfo,'andp(M'H),  I  produeej.  Giving  origin  to  fresb  struc- 
tures by  a  process  of  fission. 

FlSSmoSTREs  (Lat.  jintia,  I  cleave;  nalmw.,  beatc),  A  sub-order  of  the 
Perchiug  Biras. 

FLiOELLDu  (Iflt.  for  whip).  The  lash-like  appendage  eihihited  by  many  In- 
Jwsorta,  which  are  therefore  s^d  to  be  '^flagellate." 

Flora  (Lat.  Flara,  the  goddess  of  llowei-s).  The  general  assembhigo  of  the 
plants  of  any  region  or  district. 

FooT-JAiva.     Tbe  limbs  of  Ci'usfaceaf  which  are  modified  to  subserve  mastica- 

FooT-EBORETiON.     The  i«rm  applied  by  Hr  Dana  to  the  sclerobasic  corallum 

otoertaiu  J  dino^na. 
FoOT-TDBEBOtEB.     The  unartioulated  appendages  of  the  AnndiUa,  often 

called  parapodia. 
roBAHlBlKEBA  (Lat.  /oraneii,  an  aperlare  ;  /fro,  1  oarry).    An  oraer  of  Pro- 

toaoOj  usually  characterised  by  the  possession  of  a  shell  perforated  by 

numeroua  pseudupodial  tortures, 
ftttrarvoiioils  (Lat/htt,  fi^uit;  ™™,  I  devour).    Living  upon  fruits. 
FoBOULUM  (Lat.  dim.  of /urea,  a  fork).    The  "  merry-thought "  of  birds,  or 

the  V-shaped  bone  formed  by  the  united  clavicles. 
FUSIFWHM  (Lat  fasta,  a  spindle ;   and  fvrma,  shape).     Spindle-shaped,  or 

pointed  at  both  ends. 

Gallinacei  (Lat.  galliaa,  a  fowl).  Soniotimes  applied  to  the  whole  order  of 
tiie  Rasorial  Birds,  but  properly  restricted  to  that  section  of  the  order  of 
which  the  common  Fowl  ia  a  typical  example. 

Garquon  {Gr.ffo^lion,  a  knot).  A  mass  of  nervous  matter  oontdniug  nerve- 
cells,  giving  origin,  to  nerve-fibres. 

Ganoid  (Gr.  ganos,  splendour,  br^htfiess).  Applied  to  thirse  scales  or  pliitcs 
wbich  are  composed  of  an  inferior  layer  of  true  bone  covered  by  a  superior 
layer  of  polished  enamel. 

Ganoidei.     Ah  order  of  Fishes. 

Gasteropoda  (Gr.  gaster,  stomach ;  jjomj,  foot).  The  class  of  the  Molhisai 
comprising  vw  ordinary  anivalves,  in  which  locomotion  is  usually  efleeted 
by  a  muacnilar  expansion  of  the  under  surface  of  the  body  (the  "  foot  "). 
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.  gewtma,  >  bud).     The  buds  produced  by  lUij'  animal,  wbotber 

The  ptoeess  of  producing  Dew  Etructurea  by  buiid[n?. 
GkbuieabOus  (IiSt.  gemita,  a.  bud  ;  pal-in,  I  [iroduce).     diving  onain  to  new 

Btrucbures  by  a  process  of  budding. 
GkuuUlIb  (fjit.  dim.  oljemma).    Tbe  oiliafed  embryos  of  mimy  Caleitiayiia; 

alan  the  seed-likB  reproductive  bodies  or  "a|Hirss''of  Sponiiilla. 
Gephybbi  (Or.  nephwra,  a  bridge).     A  el»s3  at  tlie  AfiiirSiropoda,,  oomprising 


le  Spoon-worms  (Siptmcslnii)  and  tbeir  allies. 

ZARD.     A  muscular  divisiuu  of  tbe  st<imacb  ial^rds,  I 


GlaDIUS  (Lat.  a  swordj.  Applied  to  tba  bomj  eudoaketetoa  or  "pen"  of 
cert^u  CutUe-tisbee. 

Glenoid  (Ur.  jieHc,  a  cavity;  «i<(oi,  form).  A  shallow  cavity ;  applied  espe- 
cially to  tbe  sliallow  articular  cavity  in  tbe  sboulder-blade  to  which  tbe  bead 

GniThiteS  (Gr.  gtuUias,  a  jaw).     Tbe  masticatory  organs  of  Ornatacai. 
G0N0BiuieiTiDi4(Gr.  joiwj,  offspring;  blasluUmi,  dim,  of  WaJik^s,  a  bud).    The 

processes  vbich  oarry  Uie  reproductiTO  receptacles,  or  "gonopbores,"  iu 

many  of  the  Hydmoa. 
(iionoUALlx  (Gr.  f/OTto^ ;  vaidikaZnx,  cup).    Tba  swimming-bell  in  a  medusiform 

goiiopbore,  or  the  same  structure  in  a  jrooophute  which  is  not  detacbod. 
GuNUFHoBB  (Gr.  ^Msi;  and  uA^ra,  I  carry).     Tbe  generative  buds,  or  recep- 
tacles of  the  reprudiuitive  olamenta,  in  tbe  UydToaia,  whether  ibesa  become 

detached  ur  not, 
UOHoaoME  (Gr.  gonos;  ana  soma,  twdy).    Applied  as  a  collective  term  to  the 

reproductive  zoHida  of  a  UydraioBn. 
UONUTHEUi.  {Gr,  ganos;  and  thtke,  a  case).     The  chitiaous  receptacle  within 

which  the  gouopbores  of  certain  of  the  Hydnaoa  are  produced!. 
OBALLiTOBBS  (Lat.yraWffi,  atilta).    Tbe  order  of  the  Ioog4egged  Wading  Birds. 
Qranivobous  (lAt.  ffraxtiai,  a  grain  or  seed ;  iwm,  I  devour).     Living  upon 

grains  ov  otber  («eds, 
OBAPTOLiTiDJi  (Gr.  gra^ho,  1  write ;  lithos,  atone).     An  extinct  sab-claas  of 

GBEUiu'isiDA  (Iflt.  tfitgarint,  occurring  in  numbers  together),    A  class  of  the 

Pniiowa, 
GCiKD.     The  cylindrical  fibroun  sheatb  with  which  tbe  internal  chambered 

sliell  (phragmaoone)  of  a  BAmmMe  is  protected, 
UyunoiuBKaTa.  (Gr.  gammat,  naked;   toimoj,  the  throat).     An  order  of  the 

Polysoa  in  which  the  mouth  is  devoid  of  the  valvular  structure  known  as 


GYMNOFHTaiLMaTA  (Gr.  aBDWiDs;  a«d  ophlhalmos,  the  eye).    Applied  by  Ei 
'  "    '    i  to  those  jHei^Mse  in  which  the  eye-epeoks  af  ■■ 
rotected.     Tbe  division  ia  now  abandoned. 


ward  Forbes  to  those  Medusa  in  which  the  eye-epeoks  at  the  marj^  of  tbe 


Gyuhobokata  (Gr.  gumnos  ;  and  jomo,  the  body),     Tbe  order  of  Pteropeda  in 

which  the  body  is  not  protected  by  a  shell. 
Gysophokes  (Gr.  ffnte,  woman ;  pAera,  I  carry).     The  generative  buds,  or 

gonophores,  of  B^droioa,  which  contain  ova  alone,  and  differ  in  form  from 

those  which  contain  spermatozoa, 
Gyhencephala  (Gr.  mroo,  I  wind  about;  egi^hatos,  brain).     Applied  by 

Owen  to  a  section  of  the  Mammalia  in  nhieb  the  cerebral  hemispheres  are 

abuadaatly  convoluted. 

HsHAL  (Gr.  haima,  blood),     Conaeoted  with  Uie  blood-vessels,  or  with  the 

ciroulatury  system. 
HaiUATOORYA  (Gr.  haima,  blood ;  eruos,  cold).      Applied  by  Owen  to  the 

"  cold-bloiJded  "  Vertebrates— viz.,  the  Fishes,  Amphibia,  and  Reptiles. 
H«Matothkrica  (Gr.  haima,  blood ;  tieraioi,  warm).     Applied  by  Owen  to 
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digits  wiioh  nonnailj  oompoae  tho  kind  foot  of  a  Vertebrate  animal.     In 

man,  the  ereat  toe. 
Haliebes  (Gr.  luilierei,  weights  used  by  athletes  to  steadj-  thetneclves  in 

leaping).    The  rudimentary  tilamenta  or  "  balancers"  whieh  represent  tbe 

posterior  pair  of  wings  in  tbe  Ili/ileia,  an  order  ol  Insects. 
B&CSTELLiIE  (Lat.  laiirio,  I  drink).     Adapted  for  aiickmg  or  pumping  up 

fluids;  applied  to  the  mouth  cjf  certain  Orusfacta  nad  Inaetla. 
HkCtocOTSLUS  (Gr.  hekalm,  a  hundred ;   loluloi,  a  ciiii|.     The  metnmw- 

phoaed  reproduoUve  arm  of  certain  of  the  male  Onttls-fishsB.      In  the 

ArffOnafU  the  arm  becomes  detachod,  and  was  originally  descHhed  as  a 

HelWnIhOiB  (Gr.    Mmltte,  an  infeEtimil  worm).      Wonn-shaped,   venui- 

Hemelttra  (Gr.  Aemi,  half ;  (Zifd-oB,  a  sheath).  The  wings  of  certain  IofocIs, 
in  which  tbe  apex  of  tbe  wing  Is  membranous,  whilst  tlia  inner  portion  is 
cbitiuoua,  and  resemblea  the  elytron  of  a  beetle. 

Hekmetaeolic  (Gr.  hemi,  balf ;  laelahote,  obaiige).    Applied  to  those  Insects 

Heuipteba  (Gr.  himi;  and  pttrmi,,  wing).    Au  order  of  Inseota  in  which  the 

anterior  wings  are  Bometimes  "  hemelyira. " 
HehmaphbODITE  {Gr.  Uertna,  Mercury ;  AphrodUe,  Venus),     Poaaeaaing  the 

characters  of  both  sexes  comhined- 
H  ETEBOCEHCAL  (Gr.  keliTOt,  dlTCTse ;   ierioi,  tail).      Applied  to  the  tail  t* 

Fiahea  when  it  is  nnsymmetrical,  or  cotnposad  of  two  unequal  lobes. 
HETEBOOAHGtiATB  (Gr.   hil(T<iB,  disBrae ;  gagglimi,  a  knot).      Poasessiiig  a 

nervous  avatem  in  whioh  the  gaLglia  are  acattered  ami  unsytnmetrical  (as 

in  the  Molbimi.  for  example). 
HktekomorEhic  (Or.  kelemi ;  TaorpAe,  form).     Diflering  in  form  or  shape. 
IlE1!EnorHA.ai  (Gr.  hettroi,  other ;  jiliiup,  I  eat).     Applied  to  Eirda  the  young 

of  which  are  bom  lo  a  holpleaa  coiidllion,  and  reijuire  to  bo  fed  by  the 

parents  for  a  longer  or  shorter  period. 
HbxaFOD  (Gr.  hexa,  sin;  jioks,  foot).     Possessing  sii  legs;  applied  to  the 

Imecta. 
HtLUB  (Lat.  hil«m,  a  little  thing).     A  small  aperture  (as  in  the  gemmules  of 

sponges),  or  a  small  depression  (as  Id  A'oaUaai). 
BiRUDiHEA  (Lnt.  kirado,  a  horse-leech).    The  order  of  Aaaelida  comprising 

the  Leeches. 
HiSTOLOOT  (Gr.  Kvties,  a,  web ;  logot,  a  dlseourao).    The  study  of  the  tissues ; 

more  especially  of  the  minuter  eiementa  of  the  lindy. 
HOLOOKFHAL^  (Gr.  hMot,  whole ;  laphale,  head).     A  sub-order  of  the  Elaanio- 

braiickU  oomprisdng  the  Vkimanc. 
HoLOMETABOiao  (Or.  /lo/os,  whole ;  wetaAolt,  change).      Applied  to  Inaeots 

which  undei^  a  complete  metamorphosia. 
HoLOSTOMiTi  (Gr.  Aolos,  whole ;  itoma,  mouth).     A  division  of  Gasta-oprdota 

Molhisei,  in  which  the  aperture  of  the  ahell  is  rounded,  or  "entii'c." 
HoLOTHUitorOBA  (Gr.  holothottrion, !  and  eldot,  form).    An  order  o!  Uddaodsr- 

mnia  compiiaing  the  Trepangs. 
HoMOCEBCAL  (Gr.  }mnu>s,  samo ;  kerios,  tail).     Applied  to  the  tail  of  Fishes 

when  it  is  symaietrical,  or  compoaed  of  two  equal  lobes. 
HoMOOABOtlATE  (Gr,  /iDMoj,  like ;  gagglim,  &  knot).     Having  a  nervous  sys- 
tem In  whioh  the  ganglia  axe  symmBtriBally  arranged  (as  in  the  Anitulona, 

for  CTample). 
HouOLOooDS  (Gr.  Smnoj,-  and  logot,  a  diaooUrse).     Applied  to  parts  which 

are  oonstruoted  open  the  same  fundnmental  plan. 
HOMOMOBPHons  (Gr.  hevioi;  and  morp/ie,  form).    Having  a  similar  external 

appearance  or  form. 
Humerus.     The  bona  of  the  upper  arm  (bi-achnim)  iu  the  Vertebrates. 
HtauNE  (Or.  Avoids,  cryatal),     Cryatalline  or  glassy. 
Hydatids  (Gr.  k'odalii,  a  vesicle).    The  vesiale  contMuing  the  larval  forma 

HydhaPoRM.     KesemWiog  the  common  fresh-water  polype  {Hydra)  in  form. 
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HiDBOOACLUS  (Of.  hsdra,  awater-eerpant;  and  iaalot,  aateio).      The  main 

stem  of  the  coenoaarc  of  a  HydT0!03n. 
HvDBOCYaTH  (Gr.  kadra;  and  hulvi,  a  oyat).     Curious  prooassea  attached  to 

Hje  otenosare  ot  the  I'hga^Aeruia,  and  termed  "feelers"  {faklir  und  laala- 

o£  the  GermaJis). 
HTDBiB0roM(Or.  *ud™/  andniiot,  ahnose).     Ths  chamber  into  which  the 

cfflnosaro  in  many  of  the  CalycopAorida  uan  be  retracted. 
Htdboida  {Gc.  hulra;  and  exlm,  Sorm].      The  sub-cla.-a  of  the  J/yrfro-'OK, 

which  corapriees  the  atiimnls  most  nenrly  alUed  to  the  Hydra. 
HvDIuipnY[j.i4{Gr.  ^Mt/ra;  and  phyllon,  a  leaf).      Overhippin^  appendages 

or  plates  wbioh  protect  tha  polypit«B  in  some  of  the  oceanic  ilydroioa 

{Caliii:oplu>rid(e  and  Pkysophonike).     They  are  often  tennod  ■'  braots,"  and 

are  the  "dedai^^Jx"  of  the  Germana. 
HydborHIza  (Gr.  hndra;  and  rkUa,  root).     Tbe  adherent  base  or  proximal 

eniremitjr  of  any  Hydrosoaa. 
Htdrosoma  (Gr.  hvOra;   and  wow,  body).      Tbs  entire  organism  01  iiny 

HydrozolSii. 
Hydbotheoa  (Gr.  hxdra  ;  and  thtle,  a  case).     The  little  eliitinooa  cups  in 

which  the  polypitea  of  the  Serlularida  and  Campannlierida  are  piotectod. 
Hydrozoa  (Gr.  hwlm:  and  lotfs,  animal).      The  class  of  tlie  CWeaUrata, 

which  comprises  animals  (nmstmctad  after  tbe  type  of  the  Hydra. 
Hymehoptera  (Gr.  hnmea,  a  membrane ;  pteron,  a  «ing|.     An.  onier  of  In- 
sects (comprising  Bees,  Anta,  ic.)  characterised  by  the  pofBission  of  four 

H  roiD  (Gr.  0';  tidot,  form).     The  bone  which  supports  the  tongue  in  Vei'- 

tebratoe,  and  derires  it«  name  from  its  resemblance  in  man  to  the  Greek 

letter  u! 
HypobtoHb  (Gr.  hapo,  under  ;  ttoma,  mouth).     The  upper  lip,  or  "labrum," 

of  certiia  Onatacfii  (t.y.,  Trilobitea). 
H  iRACoiDKA  [Gr.  karax,  ft  shrew ;  eidos,  form).     An  order  of  the  MamiariJia 

constituted  for  the  i-eception  of  the  single  gonus  Jly-ax. 

YODOBtlLITB  (Gr.  icSrtiH,  fish;  dorttj,  spear;  lithoa,  stone).      The  fossil 
>ptnes  of  Fishes. 

--OMOBPHA  (Gr.   ieMinj;  mornSe,  shape).      An  order  of  Araphibiana, 
oaUed  Urodela,  oomprisinif  the  ilshliko  Newts,  &o. 
0PHTHm4(Gr.  ielUlMi;  phlheir,  a  louse) .     An  order  of  (Siia(«e(^i,  00m- 
prising  animals  wbioh  are  parasitic  upon  Fishes. 

;HTaTOFSU>A  (Gr.  ictlJaia;  epsii,  appearance).  Tha  primai-y  division  of 
Vertebraia,  compri^ng  tbe  Fishes  and  Amphibia.  Often  spoken  of  as  the 
BroBt^mii  Vertehrala. 

"rr.  ichilau:  pUnix,  wing).     An  eitinct  order  of  RopiQea. 

,_..  icWAm;  laura,  liaard).   Synonymous  with  IMk/rnpliTi/i/ia. 

.lom.  The  hnunch-bona,  one  of  the  bones  of  the  peine  arch  iu  tbe  higher 
Vertebrates. 

lAQO  (Lat  an  imaeo  or  appariijon).     The  perfect  insect,  after  it  has  under- 
gone its  metamorpbosea. 
MBRIGAT^D.     Applied  to  scales  or  plates  which  overlap  one  another  like  tiles. 

(Lat.  incUle,  I  out).     The  cutting  teeth  fixed  in  the  intermaiillary 

of  the  MammaHa,  and  tha  corresponding  teeth  in  tha  lower  jaw. 

iNE^DILiTKRAi.  Having  the  two  sides  unequal,  aa  in  the  case  of  tho  sheila 
of  the  ordinary  bivalves  (iMm^llUmmchiaia).  When  applied  to  tbe  shells 
of  the  Foraminifti-a,  it  implies  that  the  convolutions  of  the  shall  do  not  lie 
in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 
[hequitaLTB.  Composed  of  two  unequal  pieoas  or  valves. 
iHf  UNDIRDLUU  (Lat.  for  funnel).  The  tube  formed  by  the  coalescence  or 
pposition  of  the  epipodia  in  the  Cephalopoda  - comaionty  termed  tie 
funnel,"  or  "siphon." 

1  (Lftt  infumm,  an  infuMOn).      A  class  of  Proloioa,  so  called  be- 

ley  are  often  developed  in  organic  inf uaions. 
(lat.  inguen,  groin).     Connected  with,  or  situated  upon,  the  groin. 
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<LaC  inifclam,  aninseot;  tioiv,  Ictevour).     An  order  of  Mamnials. 
U8.     Wring  up™.  lEsecta. 

(Lat.  insedeo,  leit  ii{iod).     The  order  of  tho  Peroliing  Birds,  often 
called  Paaerei. 

iTEtt&MBCLACftA.  The  rows  of  plates  in  an  EcAiuoderm  ntiich  ore  not  per- 
forated for  the  flmission  of  the  "  tubs-feet," 

tTEitUAXiLLX,  or  PH«UA.}:tLL^  The  two  boii«a  which  are  situated  between 
the  two  gnperior  mnxillx  in  yertebrala.  In  mm,  wid  some  monliejs,  the  prco- 
niRxillffl  anohyloae  witli  the  masillEe,  Bo  aa  to  be  irreoi^sniasble  in  the  ailuit. 
jTUBSCBOCmON  (Ut.  tRf iw,  niihin ;  tuscCpio,  I  Uka  up).  The  act  of  taking 
tord^  matter  into  a  living  being. 

IVEBTEGBATA  (Lat.  in,  wicbout ;  vertebra,  a  bone  of  the  back).     Animals 
wiihoot  a  spinal  column  or  backbone. 
ICHIOM  (Gr.  mcAmb,  the  hip).     One  of  the  bones  of  the  pelvic  arch  in  Verte- 

lOPODi"  (Gp.  moj,  equal ;  Jwi/es,  feet).  An  order  of  CiuslMca  in  which  the 
feet  are  like  one  aoutlier  and  equal. 


In  adrance  of  the  pectorids. 


KiiRiTOOe  (Or.  iernj,  horn ;  ddoi,  form).     The  homy  suhstoiioo  of  which  tlia 

skeleton  of  many  sponges  is  mada  up. 
ECgbatoga.     The  divisiou  uf  Spangee  in  ivhieh  the  skeleton  is  composed  of 

keratode. 


the  teeth. 
LaCEBTIUA  (Lat.  lacei-fa,  a  lioid).      An  order  of  Replilia  comprising  the 

LiiacdB  and  Slow-worms. 
L*3I0Dlf0DA  (Gr.  laimoi,  throat ;  die,  twice ;  jwrfes,  ieet).     Ad  order  of  Ci-ns- 

iaaa,  so  called  because  they  have  two  feet  pliiced  far  furwanls,  us  it  were 

under  the  throat. 
LaMBLUBUiNCHiATA  (Lat.  lamella,  a  ijlate  ;  Gr.  h-aiicliia,  gili).     Tbe  clacs  of 

ilollmca,  oomvriaing  the  ordinary  bivalves,  ebaraoterised  by  the  possession 

of  lamellar  ^lls. 
LamelubObtBBS  (tat.    lamella,  a  plate;  Tostrum,  beak).       The  flat-biUed 

Swimming  Birds  {NaUaom),  snel)  aa  l>itcl[s,  Geese,  Swans,  he. 
Lahva  (Lat.  a  mask).     The  insect  in  its  first  stage  after  its  emergence  from 

the  ^g,  when  it  is  usually  very  different  from  the  adult. 
LaBINX.    The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropriate 

muscles  and  oartilagea,  Mtuated  beneath  the  bjoid  bone,  aad  concerned  in 

Mammals  in  the  prodaotkm  of  vocal  sounds. 
LMMlCtiLAR  {Lat.  Unt,  a  bean).     Shaped  like  a  bioonvex  lens. 
LbpidoptEeia  (Gr.  iepii.  a  soala;  plenm,  a  wing).     Ao  order  of  Insects,  com- 

priaiog  Butterflies  and  Hoths,  oharacteri«ed  by  poeseaaiug  four win^  which 

are  uenally  ooyered  with  minute  scales. 
Lbpidota  (Gr.  hpli,  a  seale).     Formerly  applied  to  the  order  Dipjiot,  con- 

tiuuing  the  Mud-Sshes  {Ltjndoiii-en). 
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tilPToCA-RUEA  (Or,  leploi,  Elcnder,  amall ;  eardta,  heart).  The  name  given  hy 
Mtiller  to  the  order  ol  Fiehes  comprising  the  Lancalet,  now  called  Plaary*' 
fftibra«cJiii. 

LiDAMENTUM  HnoBVB  (Lat,  ntoAa,  the  nspe  of  the  neck).  The  band  of  elastia 
fibres  by  which  the  weight  of  the  head  in  Mantnutlia  fa  supported. 

IitNGDAL  (Lat.  lii^Ka,  the  tongue).     Connected  with  ihe  tongue, 

LlNOUtA  (Lat,  ligula,  a  little  tongue).  The  upper  flei^ble  portion  of  the 
labium  or  lower  lip  in  InsectB. 

LiSSENCEPHALi.  (Or,  lifios,  CTOooth ;  tgiepAaloi,  brain).  A  primaiy  division 
of  Mammalia,  according  to  Owen,  in  which  the  cerebral  hcmiapheres  are 
smooth  or  have  few  oonTolutiona, 

LiTHoeYBTa  (fir.  ii'lAo*,  a  stona ;  iiults,  a  eynt).  TTie  senBe-organs  or  "  mar- 
ginal bodies"  of  the  LueeriiaTiila  or  SteganepMhalmate  ifedtiaa. 

LONGIFGHNATX  (I&t.  Ungst,  loiig ;  penjia,  wiugj.     A  group  of  the  Natatorial 

LoNGTROETBES  (Lat.  loKffV);  rosfiTmt,  beak),     A  group  of  the  Wading  Birds. 
LopHOpBi>liE(nr.;M*0(,a  crest;  and  j)A«d,  I  can  y).     The  disc  or  stage  upon 

which  Uie  tentocres  of  the  Polysoa  are  borae. 
LOPHYKOPODA  (Qr.  lopAonroa,  having  stiff  hairs;  and  poda,  feet).      An  or<ler 

of  dh'utfacea, 
LoRiOA  (Lat.  a  breast-plate).      Applied  to  the  protective  ease  nith  wliich 

certain  J^tuoria  are  provided. 
LomCATi  (Lat.  (onto,  a  ouiraas).      The  division  of  Eeptjies  eoroprisine  the 

6'MoB.ia  and  CcooMf-i/iffi,  In  whioli  bony  plates  are  developed  in  the  skin  (dtrsio), 
LuOEKBABIDA  (L»t,  t'maiui,  a  lamp).     An  order  of  the  Hi/di-oioa. 
Lumbar  (Lat.  lumbas,  loin).     Connected  with  lie  loins. 
Lunate  (I^t.  luna,  moun).     Crescentic  in  shape. 
LyencefhaLa  (Or.  Ive,  I  loose;  efftephaka,  brain).      A  primary  division  of 

Mammals,  according  to  Owen. 

MACnnOACTYLr  (Or,  maims,  long ;  dalinlot,  a  finger).  A  group  of  the  Wad- 
ing Birds. 

Macbuha  (Gr.  uiafoDi,  long:  cmra,  tail).  A  tribe  of  Decapod  Ci-KitaeeaHs 
with  long  tails  (e.g.,  the  Lobslw,  Shrimp,  &c.) 

MaDBKPoMFORK.  Perforated  with  small  holes,  lite  a  coral ;  applied  to  ths 
tubercle  by  wliich  the  ainbuUicral  systeiD  of  the  Echiiiodti-ms  mostly  com- 

MaLacostraCa  (Gr.  malakos,  soft;  ojfrainn,  shell).     A  division  of  Criatacsa. 

Originally  applied  hy  Aristotle  to  the  entire  cla«s  Cruttaaia,  because  their 

sheila  were  softer  than  those  ef  the  MoUiuKO,. 
MallofhaQa  (Qr.  maUni,  a  fleece ;  pkago,  1  eat).     An  order  of  Insects  which 

are  mostly  parasitic  upon  birds. 
Maaimalia  (Lat.  ntamma,  the  breaat).     The  class  of  Vertebrate  animals  which 

suckle  their  young. 
Mandible  (Lat.  mas.dih'BlKm,  a  jaw).      The  nppi 


Ibo  applied  to  one  of  the  pairs  of  jaws  in  Crvitiie?a  and  Spiders,  to  the  beak 
'"     ■  mlopods,  the  lower  jaw  of  Vertebrates,  &e. 

'"he  eitomal  intecument  of  moat  of  the  Mollusoa,  which  is  largely 


of  Cei>lial 


developed,  and  forms  a  cloak  in  ■ 

cally  called  the  "  paliiurn." 
Manobkiuu  (Lat.  a  handle).     The  polypito  which  is  suspended  from  the  roof 

of  the  swimming-bell  of  a  JIW«*tt,  or  from  the  gonocalji  of  amedusiform 

gonopbore  amongst  the  HydrGzoa. 
MaHUS  (Lat.  the  hand).     The  hand  of  the  higher  Vertebrates. 
MabsIPOBRaNCHII  (Or.  maisiim,  a  pouch  ;    bragchia,   gill).      The  order  of 

Fishes  comprising  the  Hag-fishes  and  Lampreys,  with  pouch-like  glils. 
MaesuPialia  (Lat.  marsfpiwii,  a  pouch).    An  order  of  Mammals  in  which  the 

females  mostly  have  an  abdominal  pouch  in  which  the  young  are  carried, 
Mastax  (Gr.  mouth).     The  muscular  (ibaryni  or  "buccal  funnel"  into  vfhioh 

the  month  opens  to  most  of  the  Hottfera. 
" :Y{Ijit.  mailico,  I  chew).     Applied  to  parts  adaptod  for  chewing. 
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(Inaocts,  CniBtfloea,  4c.)    The  upper  jaw -. 

MiXILLIPKDEs  (Lat.  maxiUfe,  jawa ;  pei,  ti.fl  foot).  The  limba  in  Cnalacea 
sDd  Myriapoda  which  are  convertel  info  masticatory  organs,  and  are  oom- 

MEDCLLi  (Lat  nmrrow).     Apjilied  to  the  ntorow  of  bones,  or  to  Ihe  spinLil 

cord,  with  or  withont  the  artjectiye  "  spmalM." 
MEPOsa.      An  order  of  Nydroma,  commonly  known  aa  Jelly-fiahes  (i>isco- 

phirra,  or  Acaleplia),  so  oalleii  because  o£  the  resemblance  of  their  tentaelea 

to  the  snaky  hair  of  the  Medusa.     Many  jtfsJa™  aie  now  known  to  be 
■    the  gonophores  of  HydrozGa. 

„__ JBU.    Rambling  a  Mfdmaa,  in  shape. 

Medusoid.    Like  a,  Mfdnia;  used  aubatantiTely  to  designate  the  medusifnrm 

gonophores  of  the  Hi/droioa. 
MKMBItANA  KICirTAHS  (Lat.  bm(o,  I  wlnk).     The  third  eyelid  of  Birds,  he. 
MiiSTDH  (Lat.  the  chin).     The  basal  portion  of  the  labium  or  lower  lip  in 

MEROSTOMiTi  (Or.  mmn,  thigh  ;  ila'aa,  mouth).  An  order  of  Crusfaem  in 
which  the  appendastef  which  nre  placed  round  the  mouth,  and  which  offi- 
ciate as  jaws,  have"  their  free  eitremitiea  developed  into  walking  or  pre- 
heuslle  organs. 

MeSbbtebies  {Gr.  moos,  intermediate;  eiiteron,,  intestine).  In  n  restricted 
sense,  the  verlionl  plates  which  divide  the  somatic  cavity  of  a  Soa-anemoue 
(Acfimin)  into  chamhers. 

MKSOPOBinK  {6r.  mtsa,  middle ;  poiie,  foot).  Tlie  middle  portion  of  the 
"loot"  of  Molluscs. 

MESOSTERNnU  (Gr.  mesoj,  intormediato  ;  tfemon,  the  breast-hone).  The 
middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 
seoond  pair  of  ribs  and  the  liphoid  cartilage  {mipkiileniAaa). 

Mesotuoras  (Gr.  mesoa;  and  thoraa,  the  chest).     The  middle  ring  of  the 

Mesozoic  (Gr.  mww;  and  2oe,  life).     The  Secondary  period  in  Geology. 
METAOABFuaJGr.  mefa,  after; -fcM-floj,  the  wrist).     The  bones  which  form  the 
"root  of  the  hand,"  and  intervene  between  the  nristand  tbe  fingers. 


their  fully-grown  oondi 

MetafOdIOM  (Gr.  msta,  after  ipOHJ,  the  foot).  Tlie  posterior  lobe  of  the 
foot  in  Mollmca;  often  called  the  "  operoiiligeroua  lobe,"  because  it  deve- 
lops the  operculum  when  this  structure  is  present. 

MuTASTOHa  |Gr.  maa,  after ;  sinma,  mouth).  The  plate  which  closes  the 
mouth  posteriorly  in  the  (hiistacea. 

MBTATAlisna  (Or.  inefal,  aftor ;  iarias,  the  instep).  The  bones  which  inter- 
vene between  the  bonea  of  the  ankle  (tarsal)  and  the  digits  in  the  hind-foot 
of  the  higher  VerWbrates. 

Metathobax  (Gr.  tsela,  after  ;  (taaj;,  the  chest).    The  posterior  ring  of  the 

Mimetic  (Gr.  miaietitos,  imitative).     Applied  to  oi^ns  or  animals  which  re- 

MoLARa(Lat.  mola,  a  mill).  The  "  grinders  "  in  man,  or  the  teeth  indiphyo- 
dont  Mammals  which  are  not  preceded  by  milk-teoth. 

MoLLUSCA  (Lat.  mollii,  soft).  The  snb-kuigdom  which  includes  the  Shell- 
fish proper,  tbe  Poli/zoa,  the  Timicaia,  and  the  Ijamp-ahells  ;  so  called  from 
tbe  generally  soft  natore  of  tieir  bodies. 

JtoLLVSCOUtA  I  Motlusca  ;  Gr.  m'rfos,  form).  The  lower  division  of  the^foZduca, 
comprising  the  Pdyzoa,  Tnnicaln,  and  BiytdiiopwUt. 

MoHiDS  (Gr.  jjioniM,  unity).  Microscopical  organisms  ot  an  extremely 
simple  character,  developed  in  organic  iufusions. 

MoHOOUtOUS.     PossBBBed  of  only  one  eye. 

MosoDELPHIA  (Gr.  monol,  angle ;  (!c/y)/ii!i,  womb).  Tbedivisiun  ofifmiimiilla 
In  which  the  uterus  is  single. 
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UosCECIorB  (Gr.  tnonot,  Eingle ;  oiloe,  houss).  Applied  to  individuals  in 
whioh  tlie  sexea  are  united. 

MONOMriBY  (Gp.  ntrmos,  single ;  mrum,  muaelo).  Applied  to  those  hivalvts 
(ZfflMrfiiJnwioWHla)  ill  which  the  shell  is  closed  bja  single  adductor  miiKCle). 

MONOEHTODONT  (Gr.  WOBOi;  pkuo,  I  generato;  pdom,  tooth).  Applied  to 
those  UammHls  in  which  on);  a  sinele  eat  oi  teoth  Is  evei'  deTSloped. 

MONOTHALAUUUS  (Gr.  mOHoi ;  and  tWoBUi,  chamber).  Possessing  oni;  a 
EitiBle  ohamher.     Applied  to  tiie  uhelie  of  *'orami«ijfe™  and  Molljiam. 

HOHOTBEHATA  (Gr.  moaos;  trema,  aperture).  The  order  of  Mammals  com- 
prising the  Duok-mole  and  Eacidna,  in  which  the  intestinal  canal  opens 
into  a  "cloaca"  common  to  the  ducts  of  the  urinary  and  generative  organs. 

Mtn.m.ooni.iE  (Lat.  Bmltai,  many ;  locBtvs,  a  little  purse).  Divided  into 
many  chambers. 

MuLTiVALYB.     Applied  to  shelis  which  are  oomposed  of  many  pieces. 

MuLTDNQUi.4  (I^t.  midtus,  many  ;  bkjw/h,  hoof).  The  division  of  Perisso- 
daotyle  Ungulates,  in  which  each  foot  has  more  than  a  angle  hoof. 

MvELOK  [Or.  mneka,  marrow).     The  spinal  cord  of  Vertebrates. 

MVBIArODA  (Gr.  rnvrios,  ten  thousand;  podei,  feet).  A  cinss  of  AMmpoda 
comprisingtheCentipedes  and  then' allies,  characterised  by  Ibuir  numerous 

Nacreous  (Fr.  sim-e,  mother-of-pearl,  originally  Oriental].     Pearly  ;  of  the 

testiuw  of  mother-of-pearl. 
NATAT0HE3  (Lat.  iMHY,  to  swim).     The  order  of  ihe  Swimming  Birds. 
Natatori  (Lot  nare,  to  swim).     Formed  for  swimming, 
NauTiloid.     Keserobling  the  shell  of  the  JVniiri/wj  in  shape. 
NmjtOCALTS  (Gr.  n^cio,!  ewim;  talnx,  cop).     The  Bwimming-bel!  or  "disc" 

of  a  Utdma  or  Jelly-fish. 
NbmaTELMIa  (Or.  tiema,  thread  ;  MmiKi,  a  worm).     The  division  of  Scoledda 

comprising  the  Round-worms,  Thread- worms,  Jto. 
NEMATOOrSTa  (Gr.   sfma,  thread ;   iiutii,  a  bag).      The  tbread-eells  of  the 

Osleiita-ata.     (^wCoidie.) 
Nkmaioidea  (Gr.  nemo,  thread  ;  eMos,  form).     An  order  of  Smlecida  ooinpris- 

ing  the  Thread- worm  9,  Vinegar-eeb,  &o. 
NeMaTOPhOeeb  (Gr.  BCTia,  thread;  phero,  I  carry).     Cseeal  prooesses  fouml 

on  thaciBnosardofoortain  oi  t^^e  Ss'tularida,  containing  numerous  tbrea^l- 

NeMeBTiBa  (Gr.  NemfTtes,  proper  name),      A  division  of  the  TurbdlarUui 

irori»8,  commonly  called  "  lUbbon- worms." 
Hertubes  (Lat.  nenrn,  a  sinew).     The  ribs  which  support  the  membrnnous 

nings  of  insects. 
NEtTHAL  (Gr.  MHTOB,  a  nBTve).     Connected  with  Ihe  nervous  sjatem. 
KEOBAPUFHTaia  (Gr,  mwom,  a  nerve  ;  apophusis,  a  projecting  part).     The 

"  spinous  process"  of  a  vertebra,  or  the  prooess  formed  at  the  point  of 

junotinn  of  the  neural  arches. 
5KUHOP0DiUM(Gr.  «(»n™  anerve;  poiK,  the  foot).     The  ventral  or  inferior 

division  of  the  "foot tubercle"  of  an  AnneliiU;  often  called  the  "  ventral 

NBUBOPrERi(Gr.  nearoB,'  ai 
terised  by  fonr  memhram 
(e.g..  Dragon -flies). 

NEUTisn  (Lat.  neither  the  one  nor  the  other).    Having  no  folly -developed  sei. 

NiniKiCiTTOS  (I^t.  mdui,  a  nest ;  /ado,  I  make).    The  building  of  a  nest. 

NoCTUBBAI,  (Lat.  BOK,  night).     Applied  to  animals  which  are  aotive  by  night. 

NoRKAL  (Lat.  noi-ma,  a  rule).     Conforming  to  the  ordinary  standard. 

NOTOBBAMOBIAT*  (Gr.  510(01,  the  back ;  and  bfagchia,  gill).  Carrying  the 
gills  upon  the  back ;  applied  to  a  division  of  the  A  naiCida, 

NOTOOHOED  (Gr.  netos,  back  ;  cioirfe,  string).  A  cellular  rod  which  is  devel- 
oped in  the  embryo  of  Vertebrates  immediately  beneath  the  spinal  cord, 
and  which  is  iienally  replaced  in  the  adult  by  the  vertebral  column.  Ofton 
it  is  spoken  of  as  the  "chonladorsalis." 
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NcoLEATED.     PoBSessing  ft  nucleus  or  cantral  partjcle. 

Nucleolus.  1.  The  minute  solid  particle  in  the  interior  of  tlie  nudous  o( 
soma  oelk  2.  The  minuta  spUericftI  particle  attached  to  the  estarior  of 
the  "nucleus,"  or  ova^f,  of  sertaiu  lafaioria,  performing  the  functions  ol 

NtrOLEOa  (Lat.  h«c'(«j,  a  kernel).  1-.  The  solid  or  veacular  body  found  in 
many  cells.  2.  The  solid  rod,  or  band-shnped  body,  found  in  the  interior 
of  many  o!  the  P,'i/!oa>a,  aud  having,  in  oortain  of  them,  the  functions  of 
an  mntj.  S.  The  "madreporiform  tubercle"  of  the  JSckinodenaata.  4. 
The  eo'hryonio  shell  which  is  rotHined  to  form  the  apex  of  the  adnlt  shell 
in  QUtny  of  the  Molhttca. 

NuDiBRANCBIATAjLat,  kkJhi,  naked;  and  Or.  bnigcUa,  gill).     An  order  of 


Occipital.    Connected  with  the  nrr-ipi't,  or  the  hack  port  of  the  head. 
OoBANio.     Applied  to  animals  which  inbaliit  the  oiien  ooaan  (=pelnirfe). 
OOELU  (Lflt.  ■iiminuHve  of  oculfi,  eye).     The  simple  eyes  of  many  Echino- 

derms.  Spiders,  Cmetaoeans,  Mollnsos,  So. 
OCTOPODA  (Gr.  iKto,  eight ;  poju,  foot).     The  tribe  of  Cuttle-fishes  mi\h  eight 

Arms  attached  to  tbe  head. 
OdontocetI  (Gr.  odoiu,  tooth;  irfix,  whale  1.      The  "toothed"  Whalci,  in 

oontradistiuotiun  to  the  "  whalebone"  Whales. 
Odoktoid  (Gr.  edovi;  eidoa,  form).     The  "odontoid  prooess"  ie  the  oentnim 

or  body  of  the  first  cerviailvartel>ra(ot?(U).     It  is  detached  from  the  atlas, 

and  is  usually  anchylosed  with  the  saoond  cervical  vertebra  (axil),  and  it 

forms  tbe  pivot  npoa  which  the  head  rotates. 
ODOBtoPHORB  (Gr.  odnut,  tooth;  p*ero,  I  carry).     The  Bo-cal)ed  "toni^oe" 

or  masticatory  apparatus  of  Gatteropoda,  Pletopoda,  and  Cephalopoda. 
(EsoFBAQiis.     The  jrullat  or  tube  leading  tram  the  mouth  to  the  stomach. 
OliocohMa  fGr.  Mjos,  few  ;  ckaite,  hair).     An  order  of  Annelida,  compris- 
ing the  Earth-worms,  in  which  there  are  tew  bristles. 
OuASnM  (Lat.  biillook's  tripe).     Tbe  third  stomach  of  Buminants,  commonly 

called  the  pmllei-itim,  or  many-pliea. 
OuNivoRons  (Lat,  omnia,  everything;  wro,  I  devoor).     Feeding  indiaorimln- 

at«Iy  upon  all  sorts  of  food. 
Ofebcui^ta  (l!,at.  operaU'sm,  alid).     A  dlTision  of  pnlmonate  Giuleropoda, 

in  which  the  shell  is  closed  by  an  operculum. 
Opbbcdlum.     a  bomjF  or  shelly  pkte  developed  *in  certain  MoUaica  npon 

the  hinder  part  of  the  foot,  and  serviDg  to  close  the  aperture  of  the  shell 

when  the  animal  is  retraoted  within  it ;  also  the  lid  c(  thS  shell  of  a  Eala- 

!His  or  Aoum-sbell ;  also  the  chain  of  flat  bones  whiuh  cover  the  gills  in 

many  fishes. 
OPHIi>IA(Gr.  ojiftij,  aserpent).     The  order  of  Eeptiles  comprising  the  Snakes. 
Ophidobatraohia  (Gr.  </^vi;  hatrachoa,  afrog).      Sometimes  applied  to  the 

order  of  Snake-like  Amphibians  comprisinc-  the  Cadlice. 
Ophiomobpha  (Gr,  opftis;  morpfte,  shape).     The  order  of  Amphibia  oompria- 

ing  the  CacHia. 
OPHroROiDBA  (Gr,  opfti*,  snake ;  OKTO,  tail ;  «rfnj,form).     An  order  of  ScAi'n- 

udermata  comprising  the  Erittle-stars  and  Sand-etars. 
OPKiaOBBAKOHriTA  (Gr.  opitthen,,  behind;  iragcMa,  gill),      A  division  of 

Gasteropoda  in  which  the  gills  are  placed  on  the  posterior  part  of  the 

OnSTHoraELOCS  (Gr.  opistAm,  behind ;  hoUoa,  hollow).     Applied  to  vortobrfo, 

the  bodies  of  which  are  hollow  or  concave  behind. 
Oral  (Lat.  as,  mouth).  Connected  with  the  mouth. 
OEKirHODELPHU  (Gr.  omit  a  bird ;  ddphw,  womb).     The  primary  dirision 
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OBTHonWRi  (Gr.  orthoi,  straight ;  pfcroii,  wing).    An  order  of  lB»ects. 

OscuLA  iijic.  diminutiTO  of  M,  moutli).  I.  The  laryo  apertursa  by  whioli  a 
HDonge  it  perforated  ("exhalant  »perture« ").  2.  Tiia  suckers  with  wbiuh 
the  Teeiiiada  (Tape-worms  and  Cjstio  Worma)  are  provided. 

OaaiCDLi  (Lat.  diminutJTB  of  oj,  bone).  Literally  amail  boiiea.  Often  used 
to  desigaato  any  hard  structures  of  aoiall  size,  such  as  the  oak-areoua  platea 
in  the  integument  of  the  ^tar-fiahes. 

OsTRACODA  (Gr.  osiraJum,  a  shell).  An  order  of  small  Cruataoeans  which 
are  enclosed  in  bivalTO  sbella. 

OtULiTBS  (Gr.  o«9,  ear ;  and  litkv,  stone).  The  calcareous  bodies  connacicd 
with  tho  aensa  of  henring,  even  iu  its  most  rudimentary  form, 

OviBIAN  Vebiclks  or  CafsulKS.     TliB  generative  buds  of  the  Sertalarida. 

Oyart  {Ovarium).     The  organ  by  which  oya  are  produced. 

O  UFA  ROUS  (Lat.  o™iB,anegg;  andpo.-io,  I  bring  forth).  Applied  to  animala 
which  bring  forth  eggs,  in  tontradisUnotioa  to  ihoso  which  bring  forth  their 
young  alive. 

Ovipositor  (Lat.  oimm,-  and  ;iono,  I  place).  The  organ  posseaaed  by  some  in- 
sects, by  means  of  wiiioh  the  egga  are  placed  in  a  position  suitable  tor  their 

OviBAa     The  eitflma!  bag  or  sac  in  wliich  certain  of  tha  Invertcbratea  carry 

their  ^gs  after  they  are  extrudeil  from  the  body. 
OvovlviFAitOUa  (Lat.  iream,  egg;  Mi»HS,  alive  ;  -pnHo,  I  produce).     Applied 
tj,  »nimal=  »hi.>h  miAm  their  Bmre  within  the  body  until  Uiey  are  hatched, 
oduced  within  the  ovary,  and  capable 
utiditioRS  oi  being  developed  iuto  a  new  IndividuaL 

PacUThBrKaTa  (Gr.pocA™,  thick;  deraa,  akin).  An  old  Mammalian  order 
constituted  by  Cuvier  for  the  reiaption  of  the  Rhinoceros,  Hij^poputamua, 

pALalOHTOtoaT  <Gr.  pataio/,  ancient;  and  loffoi,  discourae).  Tlie  science  of 
fessil  remains  or  of  estinct  organised  beings. 

PaljujzoiO  (Or.  palauii,  ancient  ]  aud  soe,  life).  Applied  to  tho  oldest  of  the 
great  geoli^ioal  epochs. 

PALUOBRAMOaiATi  (L»t.  palUum  ;  and  Gr.  hragchia,  gill).  An  old  iiiime  for 
the  Brackiopoda,  founded  upon  the  belief  that  the  system  of  tubes  in  the 
mantle  constituted  tha  plls. 

pALLiHM  (Lat,  pniliim,  aoloak).  The  mantleof  the  MMnsca.  Paltial .-  re- 
lating to  the  mantle.  Patiial  lint  or  impression  ;  the  Una  left  in  the  dead 
shell  by  the  muscular  margin  of  the  mantle.  PallialikeU:  ashellwhicbis 
secreted  by,  or  oontainerl  within,  the  mantle,  auohas  tha  "bona"  of  Iha 
Cuttle- flehes. 

Palpi  (fat.  palpo,  I  touch).  Processes  supposed  to  be  oiwine  of  touch,  de- 
veloped firom  certain  of  the  oral  appendages  in  Insects,  Spidei-s,  and  Ciua. 
taoea,  and  from  the  aides  of  the  mouth  in  the  Acephalous  Molluscs. 

PaPILUi  (Lat  for  nipple).     A  minute  soft  prominence. 

PAHAPODIA  (Gr.  pura,  heaide  ;  podes,  feet).  The  unartioulated  lateral  locomo- 
tive prooesaea  or  "  foot-tubercles  "  of  many  of  the  Aniulida. 

Parietal  (Lat.  parks,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of 
the  body. 

PARiBTOSPLiHCaNic  (Lat.  Bories  .-  Or.  gplaJ/chna,  viscera).  Applied  to  one 
of  (he  nervoua  ganglia  of  tJia  Jfo/Ziisai,  which  supplies  the  walls  of  the  body 
and  the  viscera. 

PaETHENoaKSESis  (Gr.  paTthenm,  a  virgin ;  and  gi^noKmi,  to  be  bom). 
Strictly  speaking,  eonBned  to  the  production  of  new  individuals  tivni  virgin 
females  by  means  of  ova  without  the  intervention  of  a  male.  Sometimes 
used  also  to  designate  asexual  reproduction  by  gemmation  or  fission. 

pATAOfUU  (Lat,  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in- 
tegument by  which  Bats,  Flying  Squirrels,  and  other  uiimals  support  them- 
selves hi  the  air. 
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PROTIHATB  (Lat.  pedta,  s  comb).    Comli-Iike ;  applied  to  the  gilts  of  cerluo 

OtaltropoiU  ,■  hence  ca,\\ei  Pectinibra'ackiala. 
Pkctobal  (Lat.  peclm,  chestl.     CoaiiecCed  with,  or  placed  upon,  the  cliest. 
pEUBNlFiBlupfCfiiATA  (Lat^  p^rennis,  perpetual;  Gr.  btv^ckiaj  gUl).     Applied 

to  those  A  ntpkiliia  ia  which  the  gills  a,ts  permanently  retained  tliraughout 

life. 
Pedal  (Lat,  pa,  the  toot).     Connected  with  the  foot  of  MollHSca. 
PUDlcELiABi*  jLat.  pedicellta,  a  louse).     Certain  singular  append^es  found 

in  viimy  Hckmodenns,  nttached  to  the  eurfoce  of  the  body,  nnd  resembliug- 

a  little  beak  or  foroape  Bupported  on  a  stalk. 
Pedici^  (Lat.  dim  of  ne>,  the  toot).     A  little  Ktem. 
Pedipalpi  {Lat.  pea,  fiiot ;  arid  palpo,  I  feel).    An  order  of  Arachiiida  com- 

pHring  the  Seorpioni,  &o. 
Fedukclb  (Lat  paduBjiatiu,  a  Aiem  or  stalk).     In  a  restricted  sense  apjJied 

t«  Hm  mnscular  process  W  wliich  certain  Bnuhiopods  sra  attached,  and  to 

the  stem  which  bears  the  body  (capitulum)  iu  Barnacles. 
Pedunculate.    Possessing  a  pednnole. 
PblaoIO  (Gr.  BsiOfliM,  sea).     Inhabiting  the  open  ocean. 
Pelvis  (Lat.  for  tiasin).    Applied,  from  analogy,  to  the  basal  portion  of  the 

cup  {calgx)  of  Crinoidi,     The  bony  arch  with  wbic:h  the  hiud-linihs  are  cun- 

nected  in  Vertebrates. 
PfiBaAMBHTACEOUalLat,  pergamesa,  parchment).  Of  the  texture  of  inrchment. 
PBHIOAKDIUH  (Gr.  peri,  around ;  tardia,  heart).      The  serous  membrane  in 

which  the  heart  is  contained. 
Feridbrh  (Gr.  peri,  around ;  and  dei-ma,  shin).      The  hard  cuticular  hiyer 

which  is  developed  by  the  cojnosarc  of  certain  of  the  Hiidro!i>a, 
Pkrioastric  (Gr.  jieri,  around ;  and  gatler,  stomach).     The  perigaEtrio  space 

is  the  tfavity  which  enrroundstba  stoniaeti  and  other  viac«ra,  corresponding 

te  the  abdominal  carity  of  the  higher  animals. 
PEBIOSTEACnM  (Gr.  peri  ;  and  oslratov,  shell).     The  layer  of  epidermlB  wbieli 

covers  the  shall  in  most  of  the  Moltimca. 
PbmplaST  (Qr.  peri;  and  plasm,  I  mould).     The  intercellular  substance  or 

matrix  in  which  the  organised  structures  of  a  tissue  are  embedded. 
Pesisoke  (Qr.  mri,"  andsoBia,  body).     The  ooriaoeoua  or  oaloareous  integu- 
ment of  the  EcMnj/dennala. 

DACTILA  (Gr.  periaao.',  ,  ... 

d  Quadrupeds  (6'MyMia(ffl)  in  which  the  feet  have  an  uneven  number 

PebibtomB  (Or.  peri;  and  gtoma,  mouth).  The  space  which  intervenes  be- 
tween the  mouth  and  the  margin  of  the  calyx  in  Vmiicelta;  also  the  space 
between  the  moiith  and  the  tentacles  in  a  sea-anemone  (AclUia};  also 
tiie  tip  or  margin  of  the  mouth  of  a  univalve  shell. 

Pemviscebal  (Gr.  peri;  and  Lat.  stsiwa,  the  internal  organs).  Applied  to 
tiiB  space  suiTOunding  the  viscera. 

Petaloid.     Shaped  like  the  petal  of  a  flower. 

PhalahdeB  (Gr.  pfialmix,  a  row).  The  small  bones  composing  tlio  dij^its  of 
the  higher  Verlebiiiia.     Normally  each  di^t  has  throe  phaltinges. 

PhabthQobbAsOHII  (Gr.  piantji,  pharynx;  brasckia,  gill).  The  order  of 
Fishes  comprising  only  the  liuicelet. 

PHARYMi.     The  dilated  commencement  ot  the  gullet 

PHBAOKiOONE(Gr.pAroffmo,  a  partition;  and  iimos,  a.cone).  The  chamliered 
portion  of  tbe  internal  shell  of  a  BelmmHe. 

PHyLACT0L«H4TA(Gr.  pSatess'.  I  guard;  and /aiwos,  throat).  The  division 
of  Polyzoa  in  which  the  nioulhis  provided  with  the  arched  voivular  process 

Phtlloothts  (QiT.pknUoTt,  leaf;  and  kadis,  a  cyst).    The  cavilJes  in  the  in. 

terior  of  tiiB  "hydrophyllia"  of  certain  of  the  Oceanic  llydroioa. 
PHTLLOPOiXA(Gr.j)4aifoft,  leaf;  AnApons,  foot).     An  orderof  (,>o 

jiltma,  bellows  or  air-oladder ;  and  Lat  gradiai 
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Applied  formerly  to  the  Fh/iophorida,  aa  order  of  Oooanio  Hydmoa,  in 

which  a  "float"  is  present. 
PaTsonioHiD*  (Gr.  pAaja,  Mr-bladder;  and  phero,  I  carry).     An  order  of 

OoeaniB  Hydrozna. 
PkttOid  (Gr.  phiiton,  a  plant ;  and  «trfo),  form).     Plant-like. 
PHtTOFHAGooa  (Gr.  pkKUm,  a  plant;  and  pha^o,  I  eat).      Plant-eating,  of 

PlNlfATE  (]jat.  pinita,  a  feather).    Feather- shaped,  or  posaeaaing  lateral  pro- 

PiNNiGRsDA  (Lat.  pinna,  a  feather ;  gradior,  I  walk).  The  gronp  of  Can-Jti' 
mra,  coraprifflne  the  Soils  and  Walruses,  adapted  tor  an  aquntio  life.  Often 
called  Pimiipeaia. 

PlHNnta  (Lat  dim.  of  pm«a).     The  lateral  processes  of  thearma  of  Craunds. 

Pisces  (Lat.  piicie,  a  fish).    The  olase  of  Vertebrates  comprising  the  FiaheH. 

Placenta  (Lat.  a  cake).  The  "  after-birth,"  or  the  organ  by  wMoh  a  vascu- 
lar cDunection  is  established  in  the  higher  Manimaba  between  the  mother 
and  the  lietus. 

Plicestal.     Possessing  a,  placenta,  or  connected  with  the  placenta. 

PLAcmD(Qr.  plax,  a  plate;  eidos,  form).  Applied  to  the  irregular  bony 
plates,  arains,'  or  spines  which  ace  found  in  tlie  Elcin  of  variuue  fishes 
( Efaain^raitcAii). 

PtAOIOSIOMI  (Gr.  ploffim,  tmnsverse  ;  sfoma,  mouth).  The  Sharks  and  Kaya, 
in  which  the  mouth  is  transverse,  and  isplaced  on  the  under  surface  of  the 

ifthe  TvrMlaria. 
■adier,  I  walk). 

!iLiate3  embryo  ef  certain  of  the  JTij- 

Pr,A8TliON.     The  lower  or  ventral  portion  of  the  bony  case  of  the  Chelonians. 

Plattelmia  (Gr.  piatus,  broad ;  and  Miaias,  an  intestinal  worm).  The 
division  of  Seolecidii.  comprising  the  Tape-worms,  &o. 

PiO-TiRHiSA  (Gr.  pla/MS,  broad ;  i^inej,  nostrils),    Agroup  of  tbaQruidnaiiatui. 

Pleura  (Gr.  the  ade).  The  serous  membraoe  covering  the  lui^  in  the  air- 
breathing  Vertelaates. 

Pleurok  (Gr.  jilevron,  a  tib).     The  lateral  estensions  of  itie  shell  of  Craatacea. 

■D.  ..,™„„  It  .1.  „  pgnthouae).     The  larval  form  of  the  Echinindea. 

...    , ,  - -  -,  cyst).      The  air-sac  er  float  of 

oenam  of  the  Oceanic  llydTozoa  {Physoiihiaida). 
PmbumaTOPHORB  (Gr.  pmuma,   air  ■  and  pheiv,   I  carry).      The  proximaj 

dilatation  of  the  cosnosare  in  the  ^hysopkorida  which  surrounds  the  pueu- 

nialocj-st. 
PMEliMOsKEtETOM  (Gr.  pnfuma;   and  fkehtos,  dry).      The  hard  structures 

which  are  comieoted  with  the  breathing  organs  (e.g.,  the  shell  of  Molluscs). 
PoDOPHTHALMiTA  (Gr.  poiu,  foot;    and  ophthahms,  eje).     The  division  of 

Crustacea  in  nhioh  the  eyesore  home  at  the  end  of  long  foot-stalks. 
PoDOBOMAIA  (Gr.yoiu,  foot;  jobib,  body).     An  order  of  .^iraciwrfo. 
POEFHAQA  (Gr.  poi,  grass ;  phngo,  I  cat).     A  group  of  the  Marsupials. 
PoLLES  (Lat.  the  thumb).    The  innermost  of  the  five  normal  dilute  of  the  an- 

lerior  limb  of  the  higher  Vertebrates.     In  man,  the  thumb. 
PoLYCYSTiNA  (Gr.  potus,  many;  aaikiatis,  a  cyst).      An  order  of  Protozoa, 

with  foraminated  siliceous  shells. 
POLYOASIBICA  (Gr.  polns;  and  gailer,   stomach).      The  name  applied  by 

Bhrenberg  to  the  Ii^asorm,  under  the  belief  that  tbej  posscaaed  many 

stomachs. 
PoLYPiRT.     The  hard  cbitinous  coverinp  secreted  by  many  of  the  Rydtosoa. 
FoLTPB  (Gr.  polfu,  many  ;  boms,  foot).     Beatrioted  to  the  single  individual  of 

a  simple  AdinosoSn,  sucb  as  a  Sea-anemone,  or  to  the  separate  zoeids  of  a 

compound  AiiinttioBii.     Often  applied  indisoi-iminatelj  to  any  of  the  (iffea- 

tenua,  or  even  to  the  Polyioa. 
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Poi.YnDE.     The  8e)iarate  zoSid  of  a  PolgtoSn. 

PoLYHDOM.    The  ilsmiiil  system  of  n  colony  ota  HydriKii/lii,  or  PoigoMa. 

PoLYPITE.     The  sepai'ate  EoQid  of  a  ifyiJnuoSn. 

PoLYSTOUE  (Gr.  polKi,  many ;  and  itoiaa,  mouth).    Having  many  months  ; 

applied  CO  tbe  Acmebe  amongst  the  f'rBl<iioa. 
PoLYT&ALiMOUH  (Gr.  potsi  1  aurl  thaZamoi,  chamber).     Having  many  oliam- 

bera ;  applied  to  the  sheila  of  ForamiKifera  and  Cejihalopoda. 
PuLiZiia  {Gr.poltu;  and  a«ii,  animal).     A  dineian  o!  the  Mollaacoida,  oom- 

prjsinji:  oompound  animals,  suoh  as  the  Sea-mat.     S^iinetimes  called /ti^/owo. 
PoLTioARiDM.    Tho  dermal  system  of  the  colony  of  a  Potyiovs,  (=  Polypi- 

FoBCBLLAIfOuB.     Of  the  texture  of  porcelain. 

PoRU'EBA  (Lftt.  jwTH!,  a  pore;  and  fero,  1  oatry).  Sometimes  need  to  desig- 
nate the  Fwamaiijera,  or  the  Sp/mgei. 

Fosi-ABAL.     Situated  behind  the  anus. 

PosT-ffisopHAQBiL.    Situated  behind  the  gullet. 

Posi-URAL.     Situated  behind  tlie  moyth. 

Ptts-MAiiLLS.    {Ses  lutermaxilbe.) 

PE«MOLARa  (LaL  pne,  befi.re  ;  mnlarea,  the  grindoi-s),  Tiie  molar  teetli  of 
ir 1.  -•.:.,. .L,  — 1,..^  g(  ^[jg  [uiit.get  of  teeth.     In  man,  the 

._ _    _  ...l  of  the  gullet. 

PBJ-SIEBMDM.  The  anterior  portion  of  tho  broast-bone,  corresponding  with 
the  maiiulirium  ilffmi  of  human  anatomy,  and  extending  ae  far  as  the  ppinC 
of  aiijculation  of  the  second  rib. 

PoESiSlBoaTREB  (Lat.  pres»^St  compressed;  rodyum,  beaJc).  A  group  of  the 
Orallatorial  Birds. 

PaoBOBCIDBi  (Lat.  proboscis,  the  snout).  The  order  of  Mammals  comprising 
the  Elephants. 

PnoBOSOia  (Lat.  or  Gr.  the  snout).  Applied  to  the  spiral  trunk  o(  Lepidiip- 
(eroiw  /iiteclj,  to  the  projeetiug  moutU  of  certain  Cnnoiik,  and  to  tbe  cen- 
tra! polypite  in  the  Mtdite(e, 

PbocieloDs  (Gr.  pro,  front ;  h>Uos,  hoUowj.     Applied  to  vertebriB,  tho  bodies 

pROOLoms  (Gr.  for  the  tip  of  tbe  tongue).     Tho  generative  Eegment  or  joint 

ofaTape-worm. 
PRO-LB<is.     The  false  abdominal  f?/.t  of  Caterpillars. 
PRONAtiOM  (Lat.  jirosui,  lying  on  tht  face,  prune).     The  act  of  turning  tho 

palm  of  the  hand  downwardi, 
Phopodiuh  (Gr.  pi'o,  before;  p-jij,  foot).     The  anterior  part  of  the  foot  in 

Molluscs. 
ProsCOLBK  (Gr.  pro,  before  ,  jjofei,  worm).     Tho  first  embryonic  stage  of  a 

l^pe-worm. 
PBoSOBBAtiCHiMi  (Gr.  jimsoft,  in  advance  of;  bragchui,  a  fjill).      A  division 

of  Gaiteropodoua  Moliuscs  in  whioli  the  gills  are  situated  in  advance  of  the 

Pbosoma  (Gv.jiro,  hafm ;  eoma,  body).     The  anterior  part  of  the  body. 
Phothobax  (Gr,  pra;  and  thoraa:,  chest).     The  anterior  ring  of  the  tborai  of 

PROTOPHYTi  (Gr,  prjlos:  and phutiM,  plant).     The  lowest  division  of  plants. 
PROrOfLASM  (Gr.  preiot;  aaAplaaio,  I  mould).     The  elementary  basis  of  or- 
ganised tisBuea.     Sometimes  used  eynonymously  for  the  "sarcode"  of  the 

PhoIoPodIte  (Gr.  pTOtos,  first;  and  jwks,  foot).     The  baaal  segment  of  the 

typical  limb  of  a  Vruatoetan. 
Protozoa  (Gr.  yro(o! ;  and  sunn,  animal).     The  lowest  division  of  tho  animal 

kin^om. 
pROVENTKioiriiiia  {Lat.  pro,  in  front  of;  venlrituliie,  dim.  of  wnfcr,  belly).     The 

cai-diao  portion  of  the  stomach  of  Birds, 
Pboximai.  (Lat.  proxiaMi,  nest).     The  slowly-growing,  comparatively- flied 

extremity  of  a  limb  or  of  aa  organism. 
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PsALTEitlDM  (Lat.  a  strmgod  inBtrumeut).   Tbo  third  gtomaoh  of  Buuiiuants. 

{See  Omasum.) 
PsECDEUBitTo  (Gr.  pseudoi,  fsleitj ;  mlruoii,  embryo).     Tbe  larvnl  {urni  of  an 

JScJtinoderm. 
FiiltUDOBRUJCHiA  (Gr,  pseiidoi,fti\sity;  iragchia,  f^\]}.    A  euppkmentary  gill 

found  in  certain  fishes,  wbich  receires  artarialised  blood  oulj,  and  does 

PsECDoH^BMAL  (Or.  pssiido!,  falsity  ;  and  haiaia,  bloodj.     Applied  to  the  yaa- 

colar  Bystem  of  AnneHda. 
PSBPDO-HEABTS.   Certiiiin  oontraotile  earitias  eonneetod  with  the  atrial  system 

of  BrafJiiopiidctj  ■'Lnd  long;  considered  to  be  hearte. 
PsE!7so-MAVic£LL^  (Gr.  jMSTu^os,  false;  and  Navksla,  i 

Tba  embryonic  forms  of  the  GV^itrir-'-'- n„i  ^„ 

in  iiha|>e  to  the  Jftmcala. 
P8EUDi>i'iiDi4  {Gr,  jweudDj,"  and  poxi,  foot).      The  extensions  o£  llie  body- 

sHbstBiioa  «bich  are  pat  forth  by  the  Ji/iiiepoilii  at  will,  and  nhich  serve 

for  locooiotlon  and  prehension. 
PsEDDOVA  (G.  jueBrfoi;  Lat.  oimm,  eg^l.     The  egg-like  hodiea  fiom  which 

the  young  of  tbe  irivipurous  Ap/iii  are  produced. 
PteroPoda  {Gr.  jj((Toa,  whig ;  andpims,  loot).    A  claaaof  the  i/oJiiiwuwhich 

Bwim  by  means  of  tins  attached  near  tbe  head. 
PTEKOSATnuA  (Gr.  pteroit,  wiog;  saura,  lizard).    An  crtinct  order  of  Kepliles. 
PuuiS  (Lat.  ^uto,  hair).     The  Bhare-lH<ne]  one  of  the  bones  whlub  cuter  into 

tha  composition  of  the  pelvio  arch  of  Vertebratea. 
PoLMOOASTEHOPODA  (=Pulmoniferfl). 
PULMOHABIA.     A  division  of  Arackitida  which  breathe  by  means  of  pulmo- 

PULUOHATE.     PosseaainK  lung". 

PuLMOHIFBHA  (Lat.  jixliiU),  B.  lung;  and  fern,  i  cany).  The  division  of  Mol- 
lit3Ca  which  hreathe  hy  means  of  a  pulmonary  chamber. 

Pupa  (Lat.  a  doll).  The  stage  of  au  insect  immediately  preceding  ita  appear- 
ance in  a  perffect  condition.  In  the  pupa-stage  it  is  usually  quiescent — when 
it  is  ott«n  called  a  "ohryealiB;"  but  ic  ia  sometimes  active— when  itiaofteu 
called  a  "nymph." 

pYLORns  (Gr.  piUoros,  a  gatekeeper).      The  valvular  aperture  between  the 

I,  formed).     Pear-shaped. 


Eehirtodermala,  the  Iiifmafia,  tec ) 

Radioiaria  (Lat.  radius,  a  ray).    A  division  of  Fivtosoa. 

Radius  (Lat.  a  apoko  or  ray).     The  innermost  of  the  two  hones  of  the  fore- 
arm of  the  higher  Vertebrates.     It  carries  the  thumb,  when  present,  and 

Kamus  (Lat.  a  branch).     Applied  to  each  half  or  lirajich  of  the  lower  jaw  or 

mandible  of  Vertebrates. 
BaPIObES  (Lat.  rapUi,  I  plunder).     Tho  order  of  the  Birds  of  Prey. 
KaEOBES  (lat.  i-ot/o,  I  atratch).     The  order  of  the  Scratchmg  Birds  (Fowls, 

Pigeons,  &o.) 
itATiTfi  (Lat.  rates,  a  raft).     Applied  by  Hnxley  to  the  Cursorial  Birds,  which 

do  not  fiy,  and  have  therefore  a  rit-Uke  stemuoi  witLoul  any  median 

keel. 
BE^nUH  (Lat.  rtO.'iu,  straight).    The  terminal  portion  of  tbe  intestinal  canal, 

opening  at' the  surface  of  tbe  body  at  the  anua. 
BeptilIa  (Lat.  ngi(o,  I  crawl).     The  class  of  the  Vei-lehmta  comprising  the 

Tortoise,  Snakes,  Uiards,  Crocodile^  ke. 
EetIculahI.v  (Lat.  rdicuiiiiii,  a  net).     Employed  by  Dr  Carpenter  to  desig- 
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nata  thoae  Prolotoa,  such  aa  the  Foranditifera,  in  which  Hio  psouijopo'lift 

rim  into  ono  atiotlier  and  form  a  network. 
Reticulum  (Lat.  a  net).     Tbe  second  division  aF  the  complex  stumacli  of 

Ruminants,  often  oalJed  tba  "honeycomb  bag." 
Rbvebsbd.    Applied  tOBpiral'umvalvea,  in  whiohthedireotion  o[  the  epjval 

,.  .u ^  ... a.\—i.e.,simaral. 


RHIZOrHAOi  {Gr.  rhixa,  root ;  j^jo,  I  eat).     A  group  of  I 
RHiZOPO!ii(«c.  rA^,  aroot;  and  lioii!,  foot).     Theiiivia 
Lg  all  those  which  are  capable  of  emitting  paeudopo 


Rhtncholites  (Gr.  rAttnefaw,  beat ;  and  lillua,  ston^,  Beak-sbsped  fossils, 
eoasisting  of  the  maDdibtes  of  Cephalopoda. 

ftODEBTIA  (Lat.  Todo,  I  gnaw).  An  order  of  the  Mammals ;  often  called  Glim 
(Lat.  gtii,  a.  dormouse). 

EOSTRUH  (Lat.  nwiruBi,  bealt).  The  "  beak  "  or  suctorial  organ  formed  hy 
the  eppeuda^es  of  the  mouth  in  certain  inaecla. 

KOTiTOHtA  (=  Botifera). 

ROTlFEBi  jLat.  row,  wheel;  and  fcro,  I  oairy),  A  class  of  the  Sa./.'i:iil,i 
(Aiinalmda)  charactarieed  by  a  ciliated  "trochal  diae." 

Bi]GOBA(lAt.  ntgogaSj  wrinklea).     An  extinct  or<ler  of  Corals. 

Rumen  (Lat.  the  throat).  The  first  cavity  of  the  eomplei  stomach  of  Rumi- 
nants ;  often  called  the  "  paunch." 

EDMiNiVNTIA  (Lat,  rujBsBor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru- 
peds (Vngntata)  which  "ruminate"  or  ohew  tbe  cud. 

BiCECM.    The  vertebrse  (usually  anohylosed)  which  unite  with  the  hauneh- 

hones  {ilia)  to  form  the  pelvis. 
S4Sii-c*SAL  (=  SroNE-ciNAL).     The  tube  by  wbich  water  is  conveyed  from 

the  e;(terior  to  the  ambulaeral  ayatem  of  the  Ecldnodermafa,. 
SaRCODB  (Or.  siTX,  flesh ;  eido!,  form).    The  jelly-like  substance  of  which  the 

bodies  of  Pfototoa  are  oompMed.     It  is  an  albuminous  body  oontaioiiig  oil- 

granoles,  and  is  sometimes  called  "animal  protoplasm." 
SaKCOIN  (Or.  aaTx;  and  tidiis,  form).      Tbe  separate  amcebiform  particles 

which  in  the  aggregate  make  up  the  "flesh"  of  a  3pongo. 
SaURIa  (Gr.  mvm,  a  Uiard).     Any  liaard-like  Reptile  is  often  spoken  of  aa  a 

''Saurian;"  but  the  term  Is  sometimes  restricted  to  the  Crocodiles  alone, 

or  to  the  Oroeodifea  aod  Lacerti/ians. 
SaOeobatraOhia  (Gr.  mam;  iatTOckos,  frog).      Sometimes  applied  to  the 

order  of  the  tailed  Amphihinns  [Urodfla). 
Sahrofsida  (Gr.  saura;  and  Bpsis,  appearance).    The  name  given  by  Husley 

to  the  two  classes  of  tte  Birds  and  Reptiles  eolleotively. 
SaUBOPTEBTOIa  (Gr.  mum;  ptena,  wing).     An  eitinot  order  of  Reptiles, 

called  by  Huxley  Pletiosawia,  from  the  typical  genus  Plt^otairtis. 
SaHBUr*  (Gr.  iam-a;  oata,,  tail).      The  extiuot  order  of  Birda  compriaing 

only  the  ATdueopleriix. 
SCANSOBES  (Lat.  saindo,  I  climb).    The  order  of  the  Climting  Birds  (Parrots, 

Woodpeckers,  fcc.) 
ScAPHOGNATHiTB  (Gr.  slit/iJos,  boat;  and  gnaikas,  jaw).     The  boat-ahapcd 

appendage  (epipodite)  of  the  second  pair  of  maiiihe  in  the  Lobster ;  the 

funotion  of  which  is  to  apoon  o«t  the  water  from  the  branchial  chamber. 
GcaFula  (Lat.  for  shoulder-blade).     Tbe  shoulder-blade  of  the  pectoral  arch 

of  Vertebratea;  in  a  reatriotod  senao,  the  row  of  plates  in  the  cup  of 

CrhmkU,  which  give  origin  to  the  arms,  and  ara  usually  called  tbe  "aiillary 

raitlalB." 
BclEHEHCBTMa  (Gr.  sklems,  hard;   and  enthiima,  tiaaue).      The  calcareous 

ti.^ne  of  which  a  coral  is  oomposed, 
KOLKHITES  (Gr.  tiUroa).     The  calcareoua  apioules  which  are  scattered  in  tlio 

Sclerobasic  (Or.  dieros,  hard ;  hasa,  pedestal).  The  coral  which  is  produced 
by  the  outer  surface  of  the  integument  in  certain  Aeliiuit/>a  {e.g.,  Red  Ckiral), 
and  forms  a  solid  axis  which  is  invested  by  the  Etoft  parte  of  the  animal.  It 
is  ealloil  "  foet-secrction  "  by  Mr  Dana. 
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ScbRIiOIiSninc  (Qr.  ikkroi;    and  dtrma,  akin).      Applied  ki  the  corallnm 

which  is  depoBited  vitbin  the  tieausB  of  ceitnin  Actii^iisiia,  aud  ie  oalieu 

"tisfiae-sccrQtion"  by  Mr  Dana. 
SoLEBOno  (Gr.  it/eroi,  hard).     The  outer  dense  fihrouB  coat  of  the  eye. 
S00LEcn>4  (Gr,  tfajttr,  worm).     A  division  of  ttie  Aiiax/oida. 
SOOLKX  (Gr.  aioUs).     Ths  ombrjonio  atago  of  a  Tape-worm,  fomierlj  known 

as  a  "  Cystio  Worm. " 
SOOTA  (Lat.  icutmn,  a  ahlBld).     Applied  to  any  ehield-like  plates;  especially 

to  those  which  are  developed  in  the  interment  of  many  Bcptjlos. 
SBL40H1A  or  SeLACHII  (Gr    aelacluis,  a  cartileginoue  fish,  piobably  a  ahark). 

The  sub-order  o(  JilatinolraiicAii,  oompriauig  the  Sbarks  and  Dog-fishea, 
SepiOstatre.     Tbs  iiilemal  shell  of  tha  Cuttle-flsh,  cummoDly  knuirn  as  the 

"cuttle  hone." 
SEFT4.     Partitions. 

Sebpentlfuliu.     Resembling  a  serpent  in  shape. 
SEBlULAHIDi(Lat.  lerlam,  a  wreath).     An  order  of  JJyc£rfl.-oa. 
Sesbiix  {lAt,  tedt),  [sit)      Kot  supported  upon  a  stalk  orpeduncle  1  attached 

Sets   L       bristles).     Bnstlea  or  long- stiff  hairi, 
S  R  Supporting  brLstles 

5  R     s  =Setifergus) 

6  08        Bnstly. 

t,  ns  Lat  *«ee,  fliut)      Composed  of  flint. 

8  NIS  RA     Lat.  aiitiitra,  the  left  hand).     Leit-handed;  applied  totbe  direc- 

n       h   spiral  in  oertain  sheila  which  are  said  to  be  "  reversed." 
8  N        U     (t'niu,  a  bay)      A  dilated  vein  >r  blood -receptacle. 
Siphon  (Gr,  lipion,  a  tube).      Apphad  to  the  respiratory  tubes  in  tha  Mol- 

laica  1  also  to  other  tubes  of  different  functions. 
SlPHOKOPHOBA  (Gr.  tipisra:  and  ■phfro,  I  carry).    A  division  of  the  Bydrozoe, 

comprisiiig  the  Oceanic  forms  {Cati/cophoriaic  and  Physopl-xn-Uie). 
SIPHOBOSPIOMATA  (Gr.  si^lien ;    and  ifijuso,  mouth).      The  division  of  &">- 

lavpodoai  MoUwiea,  in  which  the  aperture  of  the  shall  is  not '.'  aotire,"  hut 

posaesses  a  noich  or  tube  for  the  omission  of  the  respiratory  siphon, 
SiPBONCLB   (Lat.    (ipiuffiCMJai,   a  little  tube).       The  tube   wliich    connects 

together  tie  variotis  ohombers  of  the  shell  of  oertaiu  Vep'.idnpoda  (e.g., 

the  Pearly  Nautilua). 
SlPHHSOULOrDEA  (Lat.  ^phvamutm,  a  little  siphon),    A  claaa  1^  AaarihTDjKda 

{Annviosa). 
SlBBNli  (Gr.  teina,  a  mermud).     The  order  of  ilammalia  eompriamg  the 

Dugongs  and  Manatees. 
SoLiDUNQDi.i  (Lat.  solidm,  .aolid ;  nnf^da,  a  hoof).      The  group  of  Hoofed 

Quadrupeds  comprising  the  Horse,  Aas,  and  Zabra,  in  ivljich  each  foot  has 

only  a  mngle  solid  hoot.     Often  called  Sotijiedia. 
SoMAtio  (Gr.  tuma,  body).     (Connected  with  the  body. 
SOMATOOVST  ((iT..miM. ;  and  laitii,  a  cyst).     A  peculiar  cavity  in  the  cojnosaie 

of  the  Cali/copliorida  {Hi/ihiava). 
BOMTTE   (Gr.    eoma),       A  siagle   segment  in   the    body    of   an    Articulate 

SPERMAEroM.     The  organ  in  which  spermatozoa  are  produced 

Sperm ATOPnoBEa  (Gr.  ijniiaa,  seed;  phei-o,  I  oarry).    The  cylindrical  ca| 

eules  of  the  Ceplutlupoda,  which  carry  tbe  spermatozoa ;  sometimes  c  liloii 

the  "  moving  filaments  of  Needham." 
Spermatozoa  (Gr.  spsnta,  seed ;  and  zeBit,  aniroal).     The  microso  pic  fila 

ments  which  form  the  essential  generative  element  of  tbe  male 
Spicula  (Lat.  spicubim,  a  point).  Pointed  needle-shaped  bodies 
SntniBBBlS.    The  organs  by  means  of  which  Spiders  and  Caterpillars  apm 

threads. 
Spihaclkb  (Lat.  apt™,  I  breathe).     The  breathing-pores,  or  apertures  of  the 

breathing-tubes  (traohie)  of  Insects.     Also  the  single  nostril  of  tbe  Hag- 

ti^ea,  the  "  blow-hole"  of  Cetaceans,  &o, 
SplanoHNHsKELMON    (Qr,    ti'lugdma,  viscera ;    sMdos,    dry).      The    hard 
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INDEX 


Abdomimilia'iCirripedIa).  3U;  (Rsbea), 

^bmMAioto  (Varteliiata),  B5K. 

Aeale^wB,  100. 

Aearamttpliitla,  IGG,  IT! ;  chaiaeteTs  of, 


Aieymaria,  iiS;  disrjcteis  Bnd  divisii 


SS«  i  tibaraQtus  and  fUQiUcB  of. 


Alveolus  (Belemnite),  83a 

Amber,  iuBHts  pnserTBd  in,  STB. 

Ambbff^ynshaa,  442. 

i^tnt&iCnnii,  411. 

Ambnkcml  sjWeai  (Scbinwkmuiea).  14S, 


I;  distribnti 


of,  In 


Amalia,  H,  48 ;  stnctare  of,  SO ;  paettdo- 
podfA  of,  51 ;  repTDduction  of^  51. 

A-nusben,  49,  SI.  !ii. 

Atnabina,  52- 

^mpAibia,  350,  300,  300,  4^0;  geneml 
cbarefitere  of,  406-408 ;  development  of, 
400,  407;  leapintory  Drgsns  of,  4PT; 
orders  of,    408-tlT ;  dlstEibntion  of,  in 

Af^oKlia  ICrBcedUia),  443,  44t. 
AmphidiECS,  0& 
Afnpkilsslea,  80S. 
Ampkmxvi,  348,  358,  373,  378. 
Atnphipnsvita,  410. 


;  chaiacteifiaf,  H*; 


139,  437. 


Amphitn&^wP 
AmpallaTia,  S 
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naninuita,  SS9. 
tvmchytidiB,  150. 
aarOiropoda,  199.  Itt. 


A-n^ria 


An^rfplwres,  &&. 
Atigelima,  iW. 
At^mllvla,  m, 
AnguUtvU^,  IT 


la  and  Plants,  differe 


6S3 


JplyiiiUds,  314.  319. 

408 ;  (fiihei).  3S4,  38 
Apodemata,  i04. 


.^VOT-oMfConlsX  13S,  110, 140. 

Apon^au,  SlT. 
.^jipindiouIaHB,  SSO,  SDL 
.Aptenm&Mt,  470. 
.JpE^ra.  S&4,  S57. 
Apterygidm,  485,  4fiR. 
Apteryl,  484,  436.  487. 


ptanspboresceoce  of.  70 ;  nrticating  cells 

of,  80. 
Ammlala  [aea  .^Tinelfda). 
jdnnufoirja,  10 ;  vhanetera  and  divisions 

.iimuIoM.  18;  cbaractars  and  divieiuna 

of,  185. 
Anodim.  S" 


AnamodaaHa,  4- 


Ant«lop««,  5 


Arcellini,  S2. 

.,jTCft<B<Bi*!r(ji,  15* 

Arch^ffocpathvs,  OB 
.JrcA<eo;iMr!ra,  4&' 

ArcieniKphala,  il 
Arelduli4ee.  217. 
Archiiaha,  247. 
Arclicti^  670. 
Antitna,  230. 

ArdeaHw.  433. 

.^f'tfnico^  196. 19f 


AntODiiules,  of  Ijoliator,  ttt[  oliiinHiJui,      Anna,  of  SMr-fisbea, 

222.  153 ;  of  Criiioidea 

Antlmtootlierium,  iU.  167;   of  ffsetoide, 


AntArspoidil,  182. 


with  plaut-llea,  270 
AtUrostamm,  600. 
Apes,  604. 


;   aUegod  partheQOgeneBlg 


*i  (£amB(!»™ncAi01o),  3{l 
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BranGhlal  b&c  (Ttmicaia),  W8,  !Bt,  391 ;      Caprinmlgida,  DOO. 


(Lane* 
"-- B*Ai 

itehiobdella,  100 
Bmmtftiotwwlerapoia,  BIO,  SIS. 
Branehi^ioda,  208,  215,  2i7. 
Bnmch]D3t«gaJ  ra^  SOS,  S72,  SfiS, 
Bi'OnckiogUima,  377  (aee  JfnpAiosUJX 
^rancftipiu,  210. 
JtreoiiinffMio.  438, 
Brnjipenivttce,  475. 
BrLne-sbrimpi  219, 
,Sruta,  B37  (see  BientoM). 
fi™oajii(aeeJ'oi!OTJ»); 
BuooilM,  ■"" 


SiUMinum,  309,  S: 
Bvcerida,  tae. 


,817. 


Capybura.  5S8, 

Carapace,  of  ihjffi^ui,  E>1;  nTArcf 


BusUrtls,  46t, 

Biitttrfilea,  2«S,  MS. 

BjBsns  (of  LataelUbrajuhiala),  SOEi. 

CafJiKitn-ancAtaEK  (^mpAifrut),  407,  tOS, 

410, 411. 
Cieco,  inleatipal  (of  Birds),  4S8. 
Caea,  pyloric  {of  Fishee),  373. 
CceeiluB.  4a»,  410. 


CoTT/ocarie,  234 

Cossfrju^it,  It 
Cotlit,  S17. 
CaaBowary,  404, 
~  Mor,  ESS, 


CaBilhria,  60 
CaUorh^achu 


307. 


Co^^coiiAdrfd^,  03 1  {"Jlyi^tes  of,  04 
pjlortc  valve  of,  M ;  tentaclia  of,  04 
reproduction  of,  95;  devolopment  of 
05;dlstrlbDCiouof,  lis. 

Calyptravi,  sis. 


Caimlidie,  500  519,  MO,  E6L 


Caiyt^neidte,  8-,.  --- 

Calyx  (of  rorticelia\  T! ;  (oT  Crloolds), 

f^pardalidtB,  5 
^ujfUms,  Ml. 
Comj)oiiularui,  HI, 
Cainiwnulai'ida,  S3,  92 ;  ni«dDsifi)rtn  go- 

Dophorea  of,  OX 
C^aJs,  of  Bpoi»g«B,  05;  of  AUyimovia, 

126 ;  ot  CttTophnm,  131, 132,  ISS. 


Cells,  otPolysoa.  2S0,  SSS. 
C^ent-glBJid,  ot  Cirri^iea,  21 


C^ftffiiotnmclKfirfo  (see  ruSieotoJ 


r.  014;  maiidlblea  of.  933;  digestive 


CipJalopAofii  (Jfoiiuwo)  300. 

Cephaiopiera  899 

C'-phal  jthoraT  it  Crustacea,  JiK;  at  At 

Bchrada  235 
CrpAoJuno  209 
Ciphta.  110 


Capitqlum  (tepoiiiiiie),  Ml,  21S. 
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Ctttoldta  (see  Tiendada). 


CeUoeamia,  W. 
Ctmsvpotamta,  tU. 

Cta^omatlia.  IM,  IM 
™— ---lu#,  IStL 


CAaDUL  sod. 


Qjvftopodaaee 

■ipeafo). 

Cmpedio 

EUBi^  characten  af. 

2 

puient  of,   ni,  !I2: 

21a ;  ftiirodnetion  nf. 

raeteis  rf,  sa.7.  S18. 

Cheavmyt,  fi' 


...  i  of,  M4 ;  dls        ti 

of,  in  Mma.  (117. 
OAff&vtAerAuHf  4  IT, 
Chsls,  2«g;  of  Kine-cnb,  23t ;      Sooip 

»»,»«;  oTBook-siiorpioii, 
Cbelleas,  asS,  342. 
CA^IieAmt^  42B. 
CAs^rtr,  MI. 
Ohelonis,  43S ;  genenl  cbaiaetsis  of,  4S3, 

«!4;  ubdlvlslws  of,  iit;  distribution 

at  ta  time,  *3S. 
{aetotiHiliB,  iW,  iSti. 
CbOonoliatTttchia,  imfsteAaovra^ 


Coecoaleut,  333,  893,  IM, 
CoccotAraustee,  4&H, 
Coijotw,  269. 


ChUoa,  277,  SIS. 

Oiilmida,  314,  31S. 

CUamjfddfaunw,  Ml. 

CMunjiiihonM,  fi39.  S40. 

GbloToplij'll  In  anlmali,  0. 

ChoUmiu,  SS3. 

Cboa^-B^erygidai,  STtt,  394. 

CAondTMMiM,  4D3, 

'(%»»(«&  WT. 

Cblf^  doTiaHa  <<«e  NotochordX 

GbKHnntophoren,  B^S. 

ChrySBliii,  aM 

ChrmoelaoTit,  5»a. 

iniylaqueona  Cauuls  (Jf«du«e),  IDl. 

Cbylaqoenna  fluid,  uf  Soiffera,  1 

iniKKdo,  ISS,  19G. 
CbiMe  stomBcb,  of  Ins«ts,  SS2. 
d^mfi-iuHflb,  ot  Jitfiaoria,  71. 
Cfoido,  960. 


CffinenchyiqB,  120. 
Cffinfficium,  230,  232. 

oSPhyealia,  100;  nt 
(7oIe<^era,  249,294;  id 

actei?  or,  271 ;  sectig 
CoOoiphcgra,  ii.  6S. 

ColoeaoMel^,  4SS. 


CoJumiidn,  491. 

CDluDiEl1a.orCorel9,120;  of  the  s 
Gasten^toda,  312. 
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CoimbidiB,  n 

Co^Tobua,  477 


Wi&B,  813, 
Coii/ttotfrdiura,  3<IT» 


aiflle,  of  yVrrteWu,  46 ;  ot 


Cryptorhium,  RIB. 

Crufitt^iaiv^,  215. 
CryataUlne  atylet,  S0». 
Cl«nocpt,  133. 

Ctenoid,  Bceles  of  Fishes,  Sffi. 
C^no)?Aora,  116, 116 ;  cliaiaPt«i«  oT,  IE 

hDmoloelea  of,  133 ;  diviBiona  at,  It 

ilistribouoa  or.  185. 
Ctenoirfioiai  canale,  132,  IBS. 
Ctenophoree.  iso,  131. 
CteruittoBtata,  wa,  237. 
Cuckoo,  403. 


Vortipilla,  73 
Caavlaria,  321,  «i. 
Conui,  917. 
Coot,  481. 

CDnsmdo,  2DS ;  i^iaiacMn  af,  117. 
Co»tll»{»«Cor»lliuio> 
ConlUte,  120. 
Cornffwm,  128, 136, 139. 


Cor^lophara,  8fi,  86,  6S ;  conopboroa  of  Cvlmu? 

S3;  distribution  of,  112.  C  a    a  10 

Comuiites,  liff.  C«a  ha-ion 
Cort^el  layer,  of  It^iiaoria,  71 

CercidiK,  456,  497. 

(7a?i'n£Lfa,  83;  eharacters  ot,  1 
duetion  of,  86-88;  types  of,  i 
velopmeot  of.  80;  aiatiil>a£u 


Ci/eiaitidiB  307 

Cyolu  d.  SLSlea  ot  FisbM  Xt. 


CsclostoniaUt(Polyzna'h"S7,tSi;  (Fishes^ 

Cvehstom  {FEsbea)  878 
Cjli!loiU/>nd<B(Gme    }H>Ia},  317,  3Ili 
Cydime  130 
CvffnSto!  879 

^^hua  310 


CribeUa,  161,  161. 
(MMtua.  600. 

CHnoufen,  143,  144 ;   genenil  cliBrecten 
irf,  166-1S7 ;  distiiliution  of,  la  spuce, 

foBsJl  forms  of,  lOS. 
Crwana,  8S3, 834. 
CrigCaleWi,  281.  282, 
Crocadma,  420,  431,  422,  423 ;    general 

eharaclers  of,  412 ;  divisions  irf,  418 

Croiidil-at,  443,  444. 
Crop  of  Iniect*,  262 ;  of  Birda.  401. 
Crwb-UU.  498. 
Croisoattrggi^  390. 

Crotalvt,  432. 

Cruat,otCi™(o««,201;ofTrilnbitea  2IB 
CruaMeea,  200 ;  general  cbaraetera  of 
200,  201 ;  Morpiolney  ot  a  typical  (,nia- 
tweiin,  904-207 ;  divlBions  of;  207  208 


Capnea  317 

CifP  at    fK      3  317 

Cyji  nidie  (JfoiTiw  o)  307;  (Fisiiea)!  J8S 


Cj*  iihyU  if    18 
Cyst  phylfum  129 

Cya    d  a    U       ^,  wr  \  cbarar-.ter*  ot, 
iflK    dstnbu  ono    m  time,  101. 


Daceh/  SOL 
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Daeiylethra,  tit. 
I>aeta!aftenu,  Stift 


Samt.eei. 
Darwinian  Tlieory,  4& 
Dagj^rocta.  5SS. 


Ziii^nalcmCiii,  US. 
i)H[si^V9i  SiB,  S3S, « 


Decollated  shelH  37a. 

Dbbt,  Ml,  663  56*. 

"  '  I'a  (sm  Dinoaaaia). 


Siomedea,  47T. 
Diphydie,  B6. 
I>iphjie»,  96. 
mphyilMia,  319. 
DLUhitaoeids,  »5. 
Hi^iteantAus,  40S. 
i^f^Jcifrm^a,  SOT. 
ilijilojrnjmu,  lit  113. 


DmdroplL.. 
Dendrrat^lGB 


UR,  3lSj  Bliell  of,  ni;  poattion 

Dfntinwtrw,  496,  498. 
DaTftl<>pmeDi,  34 ;    RetTograile,  Bfi ;    of 
n .-..-J-  ...  ..  !■ — minifera,  "  ■ 

Phys^iuyrida,  98 ;  or 
;  of  iueeraorMa,  196,  i . . , 
tiniSce,  IIB;  of  PteuroSroiAio,  182:  of 
Echinodertriata,  143.144:  of  Beh-m- 
oidea,  144;  of  Attertft^eOt  lA^,  of 
Ophrumidia,  Hi;  of  Comatvla,  168; 
of  ^ofo£hur0id0I^  100  ;  of  Taniada, 
167-170;  of  IVnnaCoif 0,171  {  of  Jir«Mr- 
ff&(,]76;  of  .JconlAwn^alo,  176;  of 
Triekiaa,  ITS;  oT  tie  CfirtnMi-Wonii, 
ITS;  of  Tnbicolai  .Aimelldea,  198;  of 
Btnnt  Annelldaa.  196 ;  of  Crvtlacea, 
Ktj  ot/cMA^DpMAfm,  KM;  etSMno- 


Btpiw,  891. 

DUclna,  297.  393. 

I>it(^nidiB,  398,  397. 

J>tsiwi)Ao™  {Mediaix),  S3  ;  elioniclers  of 

irudinett. 


DUtuma.  ITS,  ITS. 
DistribaUoti,   geographical,    46 

metrical,  41 ;  |{flol(^icaJ,  42. 
Dlthyroeia-it,  334. 


;   of  Tisnia^      Dog,  SI 


P%% .  - 

£iiRuJ«K3S3;  titIaopaIit,m6;  oTAm- 
ph^ioda,  3M ;  of  Slenu^oda,  927 ;  of 
Maenira,  338 ;  of  Attmaura,  Wl ;  of 
Sraehyfira,  333;  of  Jf^ii^a,  346 ; 
of  /nwc'n.  »!.  36S,  XiW ;  of  Ai&zoa, 
386;  orTim>Bi(ff,aBO;  of  BnwMopwfd, 
206;  of  /."inBUOiranilaala,  304;  of 
GiuCero^i. ,  311 ;  of  Av^iMa,  406- 

Sextnil  shells,  S7S. 

I)ibnnU!kuUa  (Cepliaivpiidii\  837 ;   cha- 

ractora  of,  SsY;  dLvWona  of,  628;  dis- 

trlbutlDD  of,  in  Uiae,  333. 


Dorie,  3  IS,  319. 
DorDuce,  691. 
Doisal  vessel,  of  losei 
DoTBibranehiata,  195 
Draeo,  441,  460. 


DreiasenOy  306. 

Dromatheriian,  600; 
Droineairy.  061. 
BimHia  331. 
2>riHipiiftee«s,  617. 
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EehinidiB,  150. 
£«AinnH)(xi,  111. 
BchinoamidtB,  IM. 
Eekittodermattt,  HI ; 


6s9 


Spl^ia,  SOT ;  ebamciBn  of,  I0& 


'dluastlTe  Ay9t«in  of,  143;  t^millt 
.  1S6 ;  distribution  of,  in  epace.  16 


B'jdendrSam,  St. 
Ejigerevn,  2T3. 
B^liiaa,  S17. 
Eimiee,  IBT. 
EunfceOt  197. 
EitoraphdlvSy  31A. 
Ev-'plesMla,  flS. 


i11iinuil«n  or,  fiST ;  duitrtbution  of.  In 

Sdruipkamlinata.  208;   cbarauiers   iind 

EJajmotnineftJi,  chBinoters  of,  894.  39S : 
divisions  or,  305;  position  of.  in  the 
scale  of  fishes,  309 ;  diatiibution  of,  in 


ilephsn' 


int,  614,  b: 


,  S2S. 


Fapoaponpta,  68. 


Blephat.  S70,  571,  fllS, 

Slgiia,  819. 

ElyiiodiiB,  SIS,  319. 

Blytrm  of  Aphroiiis,  IBS ;  of  Co(mji(»to, 

EnoT^lnula,  318. 
Era  en.  48B. 
Emi/diite,  437,  428. 


EnaBoitem,  57, 
JlneeiiAala  {Mollvaca) 
EmHma,  lOB. 

Hndocyst,  382, 283. 
Entoderm,  79,  lU, 
Endopodite.  204. 
EndosBn;,  50- 

Enhy^hu.  681. 


Pi»ur<B{&B,  814,  318. 
FlsgB]1t^  40,  70. 
Flagaltata  (/^lAworio).  71) 
Tlsmineo,  170. 

Flipta,  origin  oh  69.' 
Float  of  Pkymph'rridfB,  9' 


rndplo 


EiiinjofeniO,  5S.  Flultea  (Snetotii 

EirfoKM.  185,  Fhatra.  9,  28,  S 

Eocysitoj,  164.  Flying-Dragon. 

EoKWrBS,  448.  Flying.Lenmr,  I 

BoaKlB.  59.  Flying-aiuural, 

EpAmiervite,  281.  Pood  of  animsla 

Ephym.  107.  Pood-vafiuolos, 
Bpii&iniB  (of  tlie  sbell  of  JfoIIuim),  978.       Foot,  of  Rntife 

Epimera,  aoi.  cAtala.  S04 ; 

Epipodite,  300.  Beteromida. 
Epipodlnm,  309;  of  Pterapoda,  320;  of 

(!epltiiiopi>da,  838. 
Epiatema,  2^4 
Epistome,  2S4,  230. 


tl ;  of  tamelMran- 
frftt,  316 :  of  Pterapoda,  '- 
oiLobatei:,206;  ofCentJpe 
fera,  3.  26,  46,  BS;  Mroodi 


of 
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FringiUida,  4»T,  iX. 

Filnging-reeft,  135. 

" —  'U,*!!;  development  of,  41S. 


Fniiaulinm,  4] 

Fniwida,  140, 
Fnnfimlni,  oTPolnmK.  2! 


Ccnmstama  310 

eetjfiin-en,  1S5,  If 
Gfrbmtis.  591. 


Olislfa.  HO,  e«I,DSG,  6 
Gizzard,  of  iDsecto,  S^2 
Glabella,  £!" 


OtobigeriTvi,  54,  5 
GlMiimril.  HOT. 
G(wj(wl™,  912.  fl: 
Cij/pfofcpul,  403. 


G'onfqpftiii/um,  IS 
Gonolilsatldia,  SS, 


92,  9B,  es,  102, 103, 110. 


GaliiRvia.  481. 
Ooiliu,  489. 

OgOnet,  4TS. 
Oanedug,  405. 

Onnald  (Scales  of  FIslies),  SSI. 
Gorwidei,  ebamet&a  of,  fisa ;  dl' 
sni.SSE;  dEBtribatioa  of,  Id  tj 
0arn(I»ua,  4Sr. 
GaileTopoda,  Sli,  STK,  2rfl,  ROO 


Oorit]a,«0«. 

Gmllatertt,  47S ;  eiiaraclfin  of 

QraptolUida,  characters  nf»  11 

Greenland  Whale,  545, 
Oregarina,  46. 

eremirlniaai,  48,  4" ;  repiwluel 
GnjUOiides,  2S4. 


fhiilroJiranehm,  SSL 

eBsn-..e/iiB«t*B,  30»,  WS. 

eocioirs,  444, 

Geeardnwi,  S2S,  231. 

GeekotiSw,  4S0. 

Oeese.  419. 

Oelaiinua,  2SZ. 

OcmiloreR  48S,  490. 

Oerauiatlon,  enntlniions  and  dlaeonlliiM- 

iftjTi,  66 ;  iif  VorUceila.  78 ;  of  fiViJ™, 
84 ;  of  inediieift>i'm  ^nophoree,  103 ;  of 
coralB.  123 ;  of  SdlOida,  192 ;  or  Bnant 
knnelldea,  IM;  oC  PoIyzM,  379,  281 ; 


Gruida,  43i 


Ovh.i're. 

GlfaaiodmUida,  3S8. 
ijiimTwifflmato,  sao. 
G^iuipkiima,  (09. 
Gimraopftifiaimoila  (JfalHsiJffi),  88,  100, 

G^rmniDomnfa,  821. 


of  Ti 


of  Sponffitia, 
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flshes,  3T!J,  379,  SGO,  SU. 


Haliotidie,  314,  SIg, 
Haliotit,  SIS. 


Ilauttcllata,  203  (see  SpitM^ 


IflO ;  fkmlliea  of,  ISS ;  dtstrlbuUon  0( 

in  epooe,  leH :  in  lime,  166. 
HomoceiMl  (tails  of  FishosJ,  S71. 
Hoiaalogy,  IT;  «ml,  IT. 
Homomorpbiam,  IS. 
Boi/toptent,  ibH. 


Hyana,  6SS,  «1 
SyalM,  321,  S£ 


Syalonsmada,  li 
Sybodait,  8BT. 
EydaClds,  les.  ITI 
Itydatitutf  181. 


al{t^DCflsbe9},Sn. 


HBtsnmuMfw.  M 


.^nlroairisffl.  MO. 
HydrocystB.  97. 

lliiiiroida,  ehaiactera  and  divisions 

gat'sea  fnjjn  Pelyma.  SVB,  m  ' 
H^dmid  Zoophyl«a  (aee  Hydroida). 
Jiydropktdte,  4J4. 
JiydruphiljiiiBt  25T 
ByrttoiihylliB,  86,  97. 


Hon  or.  In  time,  330,  3E 


flimafifopuji,  4&4, 
flippo/Mm,  613, 


25,  gsDCial  dismcUn  oC 


HoIolAuria,  1' 
BoloUa^obtea, 


{(Jmicivptida,),  812,  81S,  31 


[elinenmon  (Intecta).  M. 
["hthjodotiiiteB,  885, 39<l,  4M. 
'chlhyatnanha,  410 
'chthypkthra.  iVT,  aW 
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IchtliyopteTygia,  4!3 ;  chsjscUn  of,  *■ 


Iguaofl.  4M,  461, 
fguwaidce,  4*0. 
ISMaiodim,  4M. 
Iluiinaddie,  lie. 
liyrmthu*,  lis. 

iiiyjer/wota  (Fopinninf^em),  SS,  M 

Indlvldtutllt;.  Keaeml  defluiUon  0 

la  Spongw,  IKi. 
lufandlbmniDf  dF  C#pAaff^ila, 
/»lft'»»'*<>  spontnne  — ' 


lb;    FlagedsCs,    K;    cfoiu 
' M  (OpMdio),  433. 


r,  435,  4Sa ;  tuntlies  at,  437-441 ;  dil 
vuellpoda,  im ;  ebaracteis  oT,  224. 


...    _  .,    2T8 ;    gmenil 

_ f,  aoo;  shell  of,  BDl;  di- 

gestlva    system    Qt,   IID2;    otronlilorj 
iiKtHiu  of.  303 1  nutnlta  o^  903 ;  breo- 


BioorplOBeB  cif,  5M ;  partlienr 
r2;  diBtributlon  of.  In  time, 
I,  ess,  sao  j  gsnersi  characters 


2»£t,  131.,  1S9. 


/n/ii^  24J. 
/imfM,  2ift. 
IxodiAcB,  240. 


,  If  0]i/i(uro(d«a,  ISl;  of  (frmov- 
ifea.lSB,  158;  ot  UoUtkareiiia,  160; 
of  r«nfa(lB,  l«a,  110,  ITl ;  of  Trmta- 
toga,  ITS:  (XSemertida,  174;  af.iriiui- 
(Aocepftato,  ITS;  of /eWAyirpWfti«(,a» ; 
of  BSto)c^«oia,Sl(l  j  of  Cin-fpedfajSll; 
of  J-iniuIua.  219 ;  of  Vaemra,  S3S;  of 
^rocAyvrti,  2B2 1  of  Muri^a/oda,  940 ;  of 
JiuBcta,  354,  £95:  oC  Ttm&ata,  2W;  ot 
fraDAfuju^  S9G ;  of  Lameltibnauhi- 
OW,  304;  of  Oattenpoaa,  81!;  ot  Am- 


Lcopaid,  6S5. 

.ZicjiiKfidie,  3or,  Sll ;  charu 


uatunof,  103;  former 

JetbtB.  6fl»,  asi. 
Juiuptng  Hsce,  6fll. 

Kanoahoo.  5^0,  5S1,  5SL 
Kungaroo-rat,  5S1,  ^S. 
K«lSa,  SOr. 
Keratoda,  6*. 
Keratota  (SpongesX  BT' 

JfraiiicMa^c^  S9B. 


Iijjfciojir™,  378,  374,  S79 ;  clioracters  of 

Zeptdoateus.  893,  389,  £31. 

Lepiduta,  408  (see  Dipnoi) 

Lepiraia.  253. 

Leptuida,  538. 

ifpWma,  20B. 

Ze^tiilffi,  340. 

XejjIoeordKi,    376    (see    PhartmgD&rau 
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a.  SSI. 
ida,tin, 

l/imax,  Slfi,  319. 
LmtieoUe,  K1. 
LiBtnadia,  219. 
ifmn«o,  Slfl. 
LimtuKUbs,  317,  S19, 
Hmnoria,  KB. 
iiimoHi,  183. 

Iiiiigiw  (insects),  iil.  ' 
LiiigaBl  Kbbon  (JTuiiUKV),  Si 
.LEn^tjatuffna.  239, 
Lmgvla,  im,  2M,  297. 
LiamUia,  295,  297. 
UOD.  974,  SS4,  i\t. 

Lithobim,  216. 
Ltilumm,  104, 108. 


i.ttui(«^  S39,  33S. 


«■,  moruhologr 
winy  05  228-iS( 


Zsoiolino,  2RV. 
Zioiiso,  SM,  SS6. 

Jii^^iidi^  Bft7. 
iiDpAiibraiicAii,  33S. 

Lophupore.  234,  2SS. 
Z^D^iH,  2S2.  283. 
/.iipfturJjm,  4Sfl. 
Lophyrapodii.  208,  SIB. 
Zorffloto,  421. 


Lcxiadai,  493. 


iiMsmoridit,  30,  83 ;  gc 
ot,  104;  mnhrells  nf,  10 
of,  104 ;  developmenl 
struotun  of  reproducti 


lit  of  Foramint/era,  B3 ;  ol 


JfaoTDdM^H,  481. 
Jfaen^D^0m  Ul. 
Aocropiu,  Ei29. 
JfimnijosBiiM,  B9T. 
MofrtrnKindyius,  445 
JJncroEft/riuflrtj  612. 


JTafaa^irt,  383. 

Maiacdptiftigii.  376,  38!, 

Jro&WMlnita,  223. 

Mai^teruTtat  385. 

JfaiJoiiAaini.  393. 

Malplghltu  tnbeB,  of  lus^^te,  23 

Jfsramaliii,  3S2,  ASn<  general  > 
of  603  oeteolrurof  tlO  fii7 
517  fil8    dlgeauVs  Hystem  of, 


jHa  (o/ulie  942 

Mmd  hlea,  ot  Lobsler  1 
230   otifyrapoda  2< 


Zrulm.  680. 
Lutraria,  3DT. 
Lj^oncm,  532. 

Ljnx,  639. 


iOf,Sai^ 


UsiIIb'  of  Lobster   S09    ot  Arachnida, 

33  i    of/nmca  2S0  251. 
Max  1    adea    of  Lobster  201;  of  CokU- 
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««*«««.  10ft,  101  :s 

triicture  oT,  101; 

Konadfi,  37,  38. 

eiact  natan  of,  1D2, : 

103. 

Smera,  diiuBcten  oT,  M; 

MeaactrBt,  6S4,  614. 

Munitfir,  430. 

Jf  ejaAHTOO,  M6. 

Monkeys,  513,  6It,  630,  E2«,  SM. 

MmalBlplUa,  sas. 

Jf<™iim;osi. 

JfmiomsroBHflata,  aS3,  S39. 

Jf™««SB,67. 

S», 

Mtbttaaka,  SU,  aiT. 

6M;^^M™L^^m^^«.ot'sS7|diM' 

rlbu: 

MoJiaogr.'ia. 

J/elf«rta.lBO,lSl,lM 
Wrtictoi,  678. 

Ko™,  B7e. 

lf.iipS,W(*^.489. 

JfO«*«te,661,Mi. 

MtUlvora,  SSO. 

iVoscAtu,  5«3. 

Melebeaia,  66. 

MotacUMiuB.  4«0. 

r  Bitd»);«i);  or 

MotheMf.  peart.  577, 

Mamiasla.  170,  S21. 

MothB,  26B.  267. 

Mud-flab,  373, 374,  370, 3MI. 

JfempoBM,  410,411,412 

Multlvalve  sheila,  277,  311 

Jfi»™.  317. 

««™Mffi,  313,  317. 

s[aiisr)f,22l;[lutributl 

iiiiur,lat[iue,^i. 

MwiOo!.  639,  S96. 

JfmiKite.  408,  409. 

J/««,590. 

Jferw»rf*«*™.  SIS. 

M«3ea,2e5. 

6,  lis,      JKuMicapida.  493. 


Husk-ox,  K3. 


_..    .  .ii.BSJ,»81. 
U«tamorphciila,35;  otXyi'lapodafiieioirn- 
W0ta,a64;  InooniplctcasSi  eotnplete,256. 
■■ ' otLoUsler,  SOS;  otSta^Ur- 


MeUDianui,  S40. 
JfH»ii^l73. 
jIfferoaoiiaAti*,  lOS. 
Uierolecteg,  SOS,  300,  B  A 
Jfi{taEa,M. 
jtfaioliifit,  66. 
JUiUajwuIai,  140. 
IIimi«laa.»S,3tr. 
MlDifflrr,  IS. 


MatOata,  S42. 
Wj/O,  302,  SOS,  aOT, 
Xpia^,  306,  307. 
Mycetes,  6ft2,  308. 
.^jfotolij,  390. 
JVi/ioi^n,  «lt,  618. 


Xyo^ma.iVI 

Uyopotamun,  6 
ilyoxHa,  601. 
jl/jMjiMe,  69" 


jfodfoio.  Sue. 

Mole,  M2,  MS,  521,  696, 
JToiniiJit,  toft. 

JToSiuai.  16,  ST4 ;  general  ebanolen  of. 
"74-373;   aiBoatlveByBtem  of,  274;  r'- 


of.  In  tiin&  KI8,  336. 
jHouMKa  rjvper,  27S ;  rlinmctora  of,  au 

diyisitnis  of.  300;   dIsCrJIiutlDu  of, 

tiniD.  336-338. 
Jfo{fHMnitfi>,S7S;  Plinmcters  and  dlvlaln 

or,  ?T§;  dlatributlon  or,  la  apace,  29 

!n  time,  298. 
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Uatlcldcf,  SIS,  317. 
SaufitUa.  210. 

a^      23  334 
0<top«f»i,            SSI 

KaatUidiB.  .dianctin  at,  3S3 ;  Becti 

™T 

BSa :  drstrtbutiOB  of.  in  time,  337. 

NBUtUoldJ-'oram-ni/e™,  M,  67. 

,^    ^.''m. 

AcBUito,  Paper,  838:  elusll  nf,  ay 

28 

Pearly.SSO;  fuutoui;  of,  331;  sh 

*mM«/     54     W 

y^l&."2i8,  m 

nl0pAor            golt 

a(   nc           Si. 

ui«.«t. 

Id    «w,          W 

igoc                        IM, 

NectoSBD,  95. 

NeedhBm,  morine  fllsments  of.  3!9 

«>       hf 

cor         igutu       SEt. 

NsmslOCTsU,  80. 

Sematoda.  ISO,  IM:  i*aracters  o 

NematopiioreB,  S2,  M. 

J^fn'«rt«ia.  IflS,  178;  eliaiacte»  c^ 


Stritiita,  SIS. 
NerUUke,  S14,  S 
NetvuTDB,  M9. 


opoda,  M     rfrpoda,  315 ;  of 

terf^oaa    SO        F  hes,  805,  SOS. 

Of      ta    Z»  lal  oLaiaeCers  of.  42S- 

(liBtribution  ot 


NiduDiental  ribbon,  276. 
JVostilUMt,  It. 
J^odosarta,  M,  65. 


Xotonrmalina,  ISS. 


HotmiDdiuin,  1SS, 

Sotemii.  4Sl. 

Nveltobra'nehiata,  811  ^ 

NunlBolnB  n(  PiBramBciwin,  'I,  7a 

-NdGleufi,  of  Prottatta, '  44 ;  of  Qreijan 
43;  of  J-nut^K.  HO;  of  I?lA(niru( 
of  VtHffMtin,  78  ;  of  Eehinogermal 
152  (Bee  MadTeporiform  t1ib<^rcJ« 
tlie  Bliell  of  Mailit^^  277. 

A^lidi^raJi^fata,  310;  characten  o 


BiiBral  ohvactd* 
idiEtiibnllouof, 
188,  IS*. 
14,  818. 


KyaiphBa,  2!lfl. 

OcHHUc  Uridrotpa,  9i 
Ocelli,  of  JfcdtUK,  IC 


;  of  BcAiiioi 


ITi:  at  Rntffira,  135;  of  JiiMfM  i 
of  Chttloffnatha,  188 ;  of  />/mf f£fM^  2! 
(f  JnteAiiiifo,  283:  oC  jirnrinpoda 


O  ea  pis. 
Osireeoda, 
Oitraamlei,    l>2, 
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iicliM,  of  Serr-uJarida,  M. 


OxyuFiif  177. 

P*ci,  B8B. 
Pachyd&'Titata,  EfAL 
P«ddfe-fUili,  BOa. 
PoQvridBB^  SSI. 
PsKKiMMr,  le4, 
JWfficAlnus,  1«^  let 

Pataosoiym,  US. 

PofiHufimBj.  IM. ' 
Palamihii,  431. 
PotouijioiijTia,  «a. 
PaliBothertiart,  ^05,  SIS. 
PoitF^Erfni^  ^07- 
Pabcmtita,  481. 


Pali  (Co™_    __.. 
Pii1lial1Ju«,S0S,B08,3IM. 

PaWobrm^iata,  £91 
PailnHnCweUiinaB}. 
PaluKeeBo,  £84. 
PaIudu»itBa,  281). 
PotuJino,  BIB. 
"-•— "-"T,  814,  3U 
1.317. 


Pficteft,  Bus,  soa. 

PeelHuiria,  IM. 
Pflefuncuius,  BOO. 
■PedeUt,  S»l. 
Fedicalkriie,  148,  IE] 
PaKMUino,  SS4, 


Pen?ui<uia,  120,  li 


5,  126,  IBS;  distribnlKm 


Pentacrinua,  166, 167, 163 
Pentamera  (WSopf^ra),  27 
PenUxmervi,  298. 
Psn/iwtimtdia,  2B(b 


PerdwirkB,  489. 

PerninitroncAuitit  (.,4?niiA(Ma),  406,  KIT, 


ISS,  1B9, 140. 

Perioardima.  of  C™s(a««,  201,  M 

JCo«Mh«,  332. 

Pertaemi,90. 

Pant^da,  2S». 

PerHinium,  78. 

Paper  NoulUiifl,3aS,8M,  828. 

PerLgaatiic  spn«,  of  Polyioa.  S84. 

Pajjto.  604 

POTBdiMfda,  497. 

PeristomB.  of  rm«MB»,  73 ;  ot  ths 

Tajreprodueti.inof,  7a. 

PerlstoDiial  spBRB  otAetinia,  117. 

Pa«j»dio,  ISS, 

Por«l«,19S,4S9. 

Perivisceral  apace,  of  Jcliitosoa,  111 

POflieria,  50. 

Pima,sai. 

Parmaixlla,  S19. 

Petavmt,  634, 

P«™,  481. 

pSCSfe'm 

Petramyl-m.  BSD. 

Fitrthen'oEenesis,  SI -34:  oT  Oitraixida,  IW; 
otInaeiits.3i,33. 

Petrosponsiaia,  88. 
PfiipSajH,  43S,  S6S. 

PosjerM,  49i. 

P*2<5wrS™,  491. 

PA/mtcepter^,  471 

P^^^sij"^' 

jisar*" 

PBwiipM,  248,  348,247. 

Poiw,  489. 

p!,«i™iria,127. 
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Fharyngobranehii,  878. 
pharytigognaatf,  S87. 
PliBTfnx,  of  Ascidioas,  £89,  SS 
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402;    dlatrilmtioii 


PkBTan^ma^  67. 
PhUiia,  31ft. 
PkUlifiia.  iH. 


Flumia,  106. 
FLsatrun,  43^  43S. 
plataleada,  4Sa, 

Flatyelmia,uy.  c 


Plaryga-neUlie,  SSI 
Phyllidia, 


Pkytlirrboe,  81 ». 

Pftl/iiirt*m&e,  814,  819. 

P%U{ut»,  Ig. 

FhylioejBt,  OS. 

Pbyllopoda,  aos ;  fiharscters  of,  S18 ;  <Us- 

tribnUon  of,  in  time,  £34. 
PhyOoetema,  595. 
PhvlloiCo'iaida,  6M,  £96. 

J-hSMlia.  SO,  93,  OT,  98. 

Fhyealiadts,  100. 

pfcusolfs,  548. 

PhyaeUr.  649. 

P&jlsetcWifes,  54S. 

Pliysioiogy,  13. 

Phyiophira,  OS. 

P^V"^''''"'*''''.  ^:  ctiaractsTB  of,  97,  98j 


,  UctoffnaVii,  3S7. 
Ptesioeowfa,  447. 
Pfeffwfiauruff.  447,  448. 
PleuM,  ofLnbmer,  BUS;  of  TrilobiM,  £31. 
PleTlTIHxmlkta,  4I'4,  4i'5. 
Pleurobrachia,  130, 131 ;  Dt«iopliores  of, 
130;  cuial-systein  of,  181, 133;  dsielop- 

plBvTobraehiadie,  184, 
PlearObranehldie,  S14,  B19v 
Pleurobranchvt,  310. 
Plsurinuctuiie,  389,  309. 


enta  of  PAysopAoriite,  97 


of,  OS ;      Piidfiplitliatniata.  Si 


Pigiiieat^;pot,  of  It^fluoria,  76;  of  Svti-     Po 


Pinni/fnida,  674,  BTO. 
P^nnijwifia,  574. 
Pinnoctopvg,  8^ 


siea  of,  362;  slcelelon  of,  863- 
ibsof,  S6T;taaof,  870;  dlgestiva 

hsirt  of.  37£:  aivirSidder  of. 


roljBtoms  Infiisoria,  76. 
Poiythalamia  {Fonaninifera 
Poijitrema,  5r 
po^)xema,  K 


a,  S74,  £7^  £76 ;  rlwiBeten  of,  £79; 
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382 :  lophopliore  or,  l!M;n«rTonsiyst«ii 

duetlDnaf,SSSi>tatab1utsi>f,8SB;deTe1- 
oTnnent  oC,  IBt ;  nlatiinw  to  nmOota. 
3>1 ;  iHvlsloiis  ot  9Sfl  I  oMeTBoi;  ISS;  ais- 


Paeudo  bearts.  But. 


tiilnitlon  oT,  In  ■pao^  SOT;  In  ^i 
Polytnuiuio,  SSO. 


le,  2S8.      Pseudopodla,  4S,  43,  i 
J*9eudojni9r  4fi&. 
Pievdoacarpifmidce,  2 


i'dnuZI^  3S7. 
PnrcnpiDB,  t2I,  SS§, 
Pnres  of  Spoiigu,  «t 


PfayidtB,  9 


w.  48. 


FCsrmigaDf ' 
Pteratpii.  SS6,  402,  401. 
Fterlelithyi,  SB6,  S92,  89S,  tOI 

Pl«n/dac^lei,  44S,  490. 
.PtervTiH{^  001. 
FterupiBfik,  BSB. 
f  teropwfo,  BOO,  308.  311 ;  gt 


s  of,  sn  i 


tributioB   of.   Id 


■actorao^B6B;      PlUej 


Preslwiehia,  284. 
Priopalatea,  187. 
Prtmatei.  692. 
/yinuujo,  128. 
PruHi,8M. 

diBtribiiUon  of,  i 

Fcoboicti,  at  Jfeiiune,  lUl ;  of  Crinalditt, 
150,  IBd;  oi  Planaridaf  ITS;  of  Jcan- 
lft(>MI)iiltii>  1TB ;  of  GepAsreo,  IBS;  of 
BrrmHa,  19B ;  of  J^fpidnjiMra,  ial;  of 
.I>ni»ni0{dw>,  STO; 

J>9«eliorii!(B,  4J7. 

ProeMIua,  UTS. 

PnxMUa  iOmmdUia),  US,  Ml. 

P™ej»»,6Tff 

PrnduetB,  2C 


PfeTOSOTWJ 


Pn«i««K*&  28 
PiWottia,  ICT. 


Ficpodlte,  204, 
Propodliun,  SOB. 
"- ''1, 188,  ITO. 


ProttibmmMaia,SU;ilvliiioiaot,3l3,3l-!. 
pTvaoma,  822,  831. 
Proeopimtma*,  334. 


PleTymitvA  328.  281. 
PiaSdietya,  29S. 
Ptilon  apme.  113. 
"■.Ueeora,  29S. 
_  lychocerai,  833,  3K 

Palicka,  se 
Pulnuiga^~' 


PntmmiferaiMoUiiaca,),  31 


Pj^dinm,  219,  220.  Ml. 
PnTamidella,  31T. 
PtmmiJifelliaffi.  313,  m, 
PyTjUa,  408. 
f  !/roso»i<(ilB,  302. 
PyrrAuZa,  40S. 
Fsrula,  817. 
PjrtAun,  4!1,  433. 


J*r0toiJ«»a«.  21B. 
J-Tortua,  410,411. 
protflUB4iiiJnalcule,  4P. 
Prothorex,  240. 
protqpUBEu.  B. 
Pnitopodite,  204, 
FnjtifpUri,  soe  (see  Cijnuf). 
PmlantU,  BBT. 

JVato2oa,  14  ^  geueral  cli.'rr^eT] 
duslBcMlnnof,  4S.46. 


.of,a. 

Jl^iolUei.  30 

Haia.  303. 

RalUda,  481. 

JbiUui  481. 

cftui.  449,480. 

BflBO,  414.''41 
JJttnfdH^  41B, 

.6,  411. 

Bnnfmt,  Sas, 
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Rat.  sm. 

Rate),  5B0. 

EatUa.  473. 

Kays,  au.  305.  SC3,  S99,  iW. 

BedCoriufl.  128. 

IMu-deet,  ssa,  fiOl, 

Reproduction,  genetil  pheDomens  of, 
it :  eexual,  as  i  Bon-seiuol.  3S-ai. 

iiAifflia,  Sss,  giu) ;  gensml  lAar&ctera 
4ie ;  JBV  oT,  430 ;  teeth  ol,  421 ;  circi 
tton  oT,  4Sa ;  rcBpinitian  of,  423 ;  ord 

Reaplratorj  tree,  of  HololJnirima,  181. 
Rsspiratorj' tubes,  ufi(o((/era,  isa 
Sgticuloia  {see  FeramiiUftra),  i*.  SB. 


HhabdMea,  ST. 
iWoMcpfeHra,  2S4,  28*. 
Rhabdimlevrea,  iSt. 
Jthamphxetida,  4B8, 4M. 

Jfftino5aM>,  300 
JWinoKTiAe.  &53,  flia. 

Jlkbuil/^idie,  S91. 

^hizMepAafa,  20T  i  chamct 
flftinMrftiuR  ISO,  isr,  Iti. 
IthiiBphyiiada,  99. 
Shiemoda,  46:  ohBracters  o 
podin  of,  4S ;  dlvMons  of, 
iUfaufoRut,  100,  UO. 
Bhii-atomidie,  UH;   deflnl 

Teprodnctlf e  mhiAe  of,  I 


Sarcoids,  of  Sponges,  64,  65^  07* 
Earcopte),  240. 


SaiiToSnirMftui,  410  (see  ITndeta). 


BhywAmaUida,  SM,  29S,  2M. 
ja^nehoeaana,  440. 
Shgneheta  (sea  H«m(p(e™>. 
JihHti?ui,  SlI,  Ha,  S43,  S44. 
Blbbon-worma,  174. 

Modmtia,  613.  S28,  B25  ;  eoner 
aetore  of,  SM;  fMCilics  ot  S8T-1 

Bot,  of  Sheep,  172. 


182;  DiaMiCHtotr  organs 
Hea  0J183;  Tltalltyof, 
from  Ivfiaoria,  180. 
Ronnd-wotm«,  176. 


114,  CIO;  characters  of 
1 ;  diettlbutiou  u(  In 


JtttpiEapT' 


Saufopf^rygia,  423 ;  general  cliaraotera 

447 ;  distribution  oT,  in  time.  448. 
Satirurie.  473,  474:  charaiitets  of,  B 


«i  (Zoa  liMrMi)  110;  di 


'^totacuUe  4G3 
'^OTttbrtdie  ^a7 
iScorpo  uSiB  "ii    c 


23;  diatrlbn       Sea-anejD 
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Solen,  Sin. 
Sabiniia,  3» 


StpiaSa,  SS».  335.  S3S. 

Bepbwtatre,  32fl,  B29,  _. 

Septa,  ofCorsIs,  120. 123;  of  tha  shell  ot  Solpvgidfe, 

Tatnbrancbiate  Cephalopoda,  327,  331,  Samo/erirl, 

833,339.  SomatiR  «a 

BeriatoporidcB,  140. 

SgrpiUo,  IDl. 

fi!rtBiai™i,  8S ;  chiriefeis  of,  90 ;  hydro- 
UieciB  of,  SO;   polypltes  of,  91;  repro- 


of CrwOacta,  W% ;  ol 


of,  ) 


listribaUon 


poda,  316;  of  Pttrapoda,  320;  of  Ar- 
ganavta,  327,  323;  of  SauUlw,  327, 
""■■ "    "*  '^''Hr&branobLatfl  Coplialopoda, 


Sorex,  C' 


,  space 

and 

Uoie; 

.112, 

a.  1»8, 

IfB, 

191, 

192, 

7,M5. 

,f«; 

Species,  dellDitioD  of,  ^ 

Bpeno-vrliole,  619. 
^hiErogastra,  ^3. 

^Imrimectidie.  OS. 
Spheemottm,  62. 
^hagodna,  *fiL 

"    '  11^5  426. 


2,  515,617,  BS2,  624;chH.      Sporosae,  ofCcrynuio,  84  68. 

■uuin  u.,  jiI-544 ;  diatriDutlon  of,  In      Spring-lalls,  250,  2M. 

Ume,  dl2,  S^KKlidiE,  397. 

efHniilffi,  411,  Sqiianiie,  ot  AphrodUi,  IK 

saw,  499.  Siuamala  {Septaia),  4iL 

StmtWiuni,  666,  61S,  413.  S^iuunufino,  17. 

BlaCeis,  226.  Squids,  322,  329. 

Bbmonia,  234.  SiviUa,  227. 

Sloth,  610.  Oil.  Bquirtel,  591. 

avak«^  4«l,  423, 428,  429,  430, 131.  Staggers,  of  Sheep,  ITL 

SolanuiH,  318.  Stu-nosed  Mole.  093. 

Sotatter,  152.  Statol.lasts,  28,  286. 

HolecuTtvl,  307.  StflurMie,  140. 
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Ennuamii.  6IM). 

SfffS"-"" 

Steganepkthalaiala  iUiiaaa),  IDD.  101, 

Tsbulffi,  ofCorilB.  13S. 

Taimtata,  123,  139. 

HUmmaU  \fte  OcelU). 
eunasUr,  16*. 

?SB»S,»,„., 

TxaiaHa    i66;  iSiaraetei 

s  and  deTelop- 

Steofsr, »,  T6. 

raJifrv*,  223. 

SttTtbaiatha,  172. 

?^^n«o. 

Ton,™,  691. 

SienwMpij,  186. 

TonagTOiffl,  49S. 

of  Ar<uh- 

^onou,  226. 

n^  S35 ;  of  Chetonia,  m 

1;  ofAcei, 

Tank-i™™,^,  ITS. 

miorilama«iia,,Sli. 

yoBfoift™,  483. 

Stidt^pa,  S7, 

rfLeecheB, 

!9(i;  of  Arachnida,  S$ii  < 

Dt.  Jn*«(«, 

iSssw 

DosLCe  .:lctiiueoa,  121 ;  of  social  Tuni- 

TelauHtunu.  44S. 

™(o  3»4. 

TefBdMet^  oharacters   of. 

,t,im;de- 

diviaions  of,  883-888  ;fl. 

[Gtiibutlon  of.  Id 

itiou  of,  in 

time,  403.405. 

r««£n«,SOT. 
Taiirtida,  306,  307. 

atomatodeiidra,  IDO, 

etork,  481,  483. 

£^^«iu;i8S. 

Telson,  of  Cfustaeeo,  2( 

12;    of  Lobster, 

904;  <tf  Cfmuliu,  222 

fflivpivl^  fiOS,  BOO. 

342. 
Tsnreo,  DOT. 

lantacip*,  of  Hy<ira,8Sl 

;   ofVWuterto, 

90;  ot  Calya,ph„rlga, 

04:  of  Phuia- 

■;  of  rani. 

vhoridie.  07;   of  JfedMlAs,  101;  of 

oiia,  IflS,  I  TO 

Biidra-Mia,  106:  of., 
Alcyonmia,    126;    of 

•?SS^^^ 

StromimM?.-       '      ' 

.101;  01  Polg- 

?oo,'283;ot5ta^BW, 

237  1  of  Ciittle- 

iiahe,,  338,  83B. 

atn^ihoBienida,  SK,  3W. 

TentacuHUi  197  887 

Slr^«.*»l,. 

rentlired  n«i»  26 

Tem  r  atrfs  496  499 

IS'Xfe.^inoa. 

Tertbdla    94    devdopn 
rerefcnrf  Ila  29S 

™tof,lBa. 

S<um<dw,  406,  497. 

TereftivHuIo  i91  205  "in 

Sffi^a..... 

99 

fiob-kmgdomB,  16, 

Terede  308 

Stiiuii,  605. 

on  of  OutfOfM, 

203    of.4™<rA»«(«  VS. 

Si«I=r(a{/A/-™.*m),70,T». 

Temeota.  191. 

SuiHo,  5G0,  014. 

Tennltes,  261;  oommimll 

iea  of,  262. 

Buia,ira' 

Test,  of  ForaminifeTa.  K 
0(^*8.144,  145;  of  Tufl 

t.  54 ;  of  EcMn. 

Surln™  Toad.  41ft 

:fca(H.287,203. 

Stit,  S5T. 

TestaceUa,  277,  319. 

|3.«wa«m 

?s?a"'- 

Swarm-aporea  of  Sponges,  68. 

Swlfto,  403,  sdl 

isof,  S3B;  dls- 

Swim-blBddm,  of  Pishes,  3«. 

tribntlonof.  lDtJme,3a 

H«,S» 

Svwm.  SB. 

£M^dt>!.  4H,  4W. 

ffwrtftito.  3».  3SS,  saa. 

fflftS 
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TialaiiieBlla.  et,  6t. 


TIUei3tB,]M. 


Th^mhimidtB,  Mi. 
Thtnhmiinha,  413  (set  ^ 
ThoraeUaXOirrivedia),  i 
Tbrnd-EBlli,  78.  eo. 
Ibieta-nniiiB.  178,  ITT. 
Thybuimu,iSi, 


Thytaaun,  168. 

T^iuiidi^  284,  lei. 

ToDgu«,  ot  iMeotB.  asi ;  of  Gatl^opada, 
800 ;  of  CtphaUipoda,  SIS ;  oT  Flslics, 
308:  ofBnakea,439;  of  LtzirlU. 43T;  of 
CnHOdile,  44U ;  of  Bints,  184,  471. 


Torptde.mi. 
ToTtoiae  ISncrtniCe,  Ifl 

Tottriai,*K.'      ' 


I,    300,-   uf  Arachnida,  E 
—,.  .jfoda,  Hi :  at  Insteta,  ii'i 


Tr&nstbrtiMtlDn.  SEl. 


Triekina,  1T7. 
TrIflhoeTstB,  T& 
7WaA«aIo««tw,    . 
IVigAopteni,  261. 
IWeoBeA™,  808, ' 


*9t. 


Ttidaenidte,  808,  SOT. 

Tr^lanto,  808. 

Tru/miadte,  SOS,  308. 

TrfloMta,  SID ;  slmctnre  nf  tbe  crnat  < 

120 :  dittributioQ  of,  in  time,  301, 
Trimera,  373, 
TriagidiB,  483. 
Trinnyeldm,  4W,  420. 
TrMtoira.  IZT. 
IVaon  (JfoilumoX  817 ;  (AmphOta},  i 


TrUanioAiB,  314, 311; 
Traehitida,  469. 
Troehoceratt  383.  385. 
rrocftiMwjtaM,  184, 

Ttochold  ahell,  of  Fommluifera,  58  [  tl 
Gasteropeilii,  313. 

Tm^iodjiit,  '489. 

Trogontdm,  493,  4BB. 
rnjfDntAertum,  617. 
Trmnbidida;  341. 
Tropbi,  aflD9ecls,350. 

Truncated  siiella,  9T8. 

Tubs-feet,  of  Eehf^aa,  14T ;  of  Aaleraid*a, 
152;  of  Onftiuroidf 0,  104;  otCrijwidea, 
185;  ofd»MAuroMHi,  181. 

ruMaoIa,  ISO;  characters  of,  102,  193; 
dsielopmeot  of,  193 ;  diBtilbution  of.  In 


Tvbaiota,  133,  1 

Twaicata,  2TS,  iis ;  enaracters  of,  aj7 ; 
teaplnitoij  process  of,  259 ;  cinjnUtioii 

■ogles  of,  391 ;  divisions  'of,  391 ;  dis- 
tribution of,  la  space,  397 ;  in  tiioa 
398. 

Tunics,  of  Asddlans,  S8T. 

Ti^Htia,  SOT. 

Turbellaria,    105 ;    eliaraetera    of,   ITS  ■ 


Tmriliui,  333,  334,  3SS 
TuTrUelta.  314,  818. 
Turritetlidie,  313,  318. 
Turtles,  423.  428,  427. 


Ti/indino,  3 
Tj-iie 


of  Gasteropoda,  SIS. 


Umbntta.  310. 
Umbrella  of  LvcermtFida,  W 
VtigMlata,  M3,  522,  62S ;   c'. 
851;  divisions  0^552;  Sie 


Umalella,  284. 

Undela,  407 ;  characters  of,  110. 
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FiwtBtlius,  3Ifc 
Valkerm,  283^ 
Valtaia,  818. 
roBfHM,  484. 
roratiuias,  430. 

Varices,  Bli,  ' 

Veil,  of  Gorophoraa,  87;  of  nectoffluyoei 

9J;  or  askcd-eyeii  JferiusiB,  IDl. 
Viftito,  07,  68,  W. 
rcteiiidiE,  100. 
Ventnom  (Ophidia,),  138, 


F«1J££dmE,  88. 
FuUunlEis,  GOS. 


Waldhiimia,  3M. 


i,  306,  31 
VeniTictttUcs,  89 


ot  Id 


F«rruffd(V,  iJ14 ;  diatrfbntlon  of,  in  tlm«, 
28S. 

Vertebra,  Btroctoro  of,  S4B,  SM. 

VtrtibnOa,  84G  ;  geiwiiil  ohuuten  of, 
349-349;  ■keletonot,  S<MH;  diguttve 
Bjstemitf,8M;t>loudiif,  US;  nspin- 
tonsygtsmof,  8tT;  ngmnu  RTitsiD  of, 
858;  teprodnittlan  (^  8M;  detrelop- 
meatof,  8N;  dirlsionso^  SEUMSl. 

Vesicle,  coiitwetlle,  -'  "--' •"■  -' 

Afoaiba.  83;  of  P' 
Bpit^lu.  78. 

Vesicles,  of  MeiluHe,  1«],  lot. 

FMjriAE,  260. 

Vespertilioaid£B,  301. 


Wnter-vaseninr  gjslem,  of  AnmOoida, 
141;  of  ScAinoideii.  147;  <^  Aaleroidea, 
151 ;  of  OpA£urf>idea,  164 ;  of  (Mnr>jd«a, 
155 ;   of  Bobtlairoldea,  180,  181 ;  of 

Tremalcda,  171;  of  Tteriillana,  173; 
of  Jcaji<*(K«!jAoIo.  173 ;  or  Nemaloila, 
177;  ofifot^ftrnjisa. 


FtwtwtB*. 
Vote,  690. 


XanMuJia 

89. 

«f,  an 

tjlbutlon 

,234. 

308. 

Zkbr*,  656 

ZifSius,  8 

513. 

"U6;   M 

124,  134 

Sd^roba 

i™,  ) 

mata,  m 

3,'l» 

Zoo»tA«ta 

.ZoM,  218, 

1,  m. 

ZonitetiiS 
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